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NOTHING IS MORE POWERFUL 
THAN FREEDOM. 

At Pratt & Whitney, we’re honored to be powering the first flights of the Lightning II. We are proud of the role we 
have played in delivering the power behind the most advanced and versatile fighter ever. Our F135 engine is helping 
to answer the call of freedom. Today, and well into the future. Pratt & Whitney. The Eagle is everywhere. 

% Pratt & Whitney 

A United Technologies Company 



www.pw.utc.com 



»> The F35 - The Next Generation of 
Optimized Solutions from Alcoa 


The F35 Joint Strike Fighter reflects a new generation of advanced, affordable and 
sustainable fighter aircraft. It assures future battlefield superiority for the United States 
and those nations participating in its development. Alcoa is proud to support our 
customers in defining a new era in fighter aircraft characterized by cost-effective 
development, production and ownership through a common airframe design. 

Alcoa’s contributions to the Joint Strike Fighter not only illustrate the product breadth 
and technical depth of our aerospace portfolio, but the ability of our products to win 
cost-performance trade offs where not only performance, but serviceability, readiness 
and life-cycle costs are baseline metrics. 

Our aerospace businesses supply key components for the F35’s advanced 
propulsion and airframe structure. Alcoa’s Howmet Products and Services is a key 
supplier of advanced turbine airfoils for the JSF’s engines, as well as structural 
castings. Alcoa forgings add strength and toughness while reducing the F35’s 
weight through our latest generation of aerospace alloys. Alcoa Fastening Systems 
contributes a wide variety of specialized fasteners to secure multi-material structural 
and propulsion components operating in a variety of harsh mission conditions. 

Alcoa Mill Products supplies aluminum plate. 

America’s military commitment to the program, along with the nine-nation consortium 
partnering in the design of the F35, emphasize the multi-service capability, inter-theatre 
operation and multi-national benefits of this fighter - and take full advantage of Alcoa’s 
global aerospace supply presence. 

In a new era where advanced technology and affordability are equally important... 
on the next frontier of fighter aircraft where inter-service operation is essential... 
these are positions Alcoa Aerospace is proud to occupy with our customers. We 
salute the men, women and companies who are making the F35 Joint Strike Fighter. 



Chairman and Chief Executive Officer 


Alcoa Inc. 







Optimized solutions meeting demanding mission requirements. 

Those who make the highest performance vehicles on the planet don’t compromise. They optimize to meet their demanding 
mission requirements by collaborating with Alcoa to tailor every solution to meet specific performance requirements. 


When Performance Counts, Count on Alcoa. 
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Your trustecLpartners at 


At Raytheon, we're proud to be a leading developer of airborne sensors and weapon systems for the F-35 Joint 
Strike Fighter. From our Digital Anti-Jam Receiver and Integrated Core Processor to our air-to-air and air-to- 
ground missiles and laser guided bombs, Raytheon brings a distinct operational advantage to the next generation 
multi-role fighter. When it comes to mission success, Raytheon is your trusted partner. 


www.raytheon.com 


Raytheon 

Customer Success Is Our Mission 


©2006 Raytheon Company. All rights reserved. 

"Customer Success Is Our Mission" is a registered trademark of Raytheon Company. 





DEPARTMENT OF THE AIR FORCE 

OFFICE OF THE CHIEF OF STAFF 
WASHINGTON, DC 


The Air Force eagerly awaits the arrival of the F-35 Joint Strike Fighter, a transformational 
weapon system capable of modernizing the combat capability now provided by our venerated 
legacy fighter and attack aircraft. 

As the world’s foremost stealthy, supersonic, survivable, lethal, supportable and affordable 
multi-role aircraft, this fifth-generation fighter will empower our Joint warfighters as they win our 
Nation’s wars. As our newest fighter, the F-35 will join an integrated air and space force capable of 
responsive and decisive global engagement. 

It is especially significant that our Joint partners in the Navy and Marine Corps, and our 
International allies in NATO and beyond are procuring their own variations of this aircraft. This 
validates our Joint/Intemational interdependence and promotes our combat capability for the 
foreseeable future. 

On behalf of America’s Airmen, I applaud our industrial, Joint, and international partners 
who are striving to bring this unmatched capability online on-time and on-budget. With continued 
success, the F-35 will serve as the backbone of America’s fighter force for the next several decades* 
Initial Operational Capability and continued Air Dominance await! 



T. MICHAEL MOSELEY 
General, USAF 
Chief of Staff 







JOINT STRIKE FIGHTER PROGRAM 

200 12th Street South, Suite 600 
Arlington, Virginia 22202-5402 



Dear F-35 Lightning II Team Mates, 

I could not be more proud to share this historical moment with each of you. While many 
of us have had the privilege of helping develop new aeronautical systems, none of us have ever 
been part of an achievement of this magnitude. As AA-1 takes to the air, it will mark the start of 
flight test of a system that will link the Air Force, Navy, Marines and our partner nations together 
as an extremely powerful, interoperable, lethal war fighting coalition. 

The flight of AA-1 marks the first step team JSF takes to delivering a truly unique war 
fighting system. The F-35 will be as effective in highly defended strategic environments on day 
one of future wars as it will be in supporting troops in the dense urban close air support scenarios 
of today. No fighter aircraft in history can make that claim. 

My heartfelt thanks to each and every one of you who have worked through weekends, 
missed birthdays and anniversaries, and made numerous other sacrifices to make this day positive. 
Your families can share your pride in the contribution you have made to the development and field¬ 
ing of a system that will shape air power for decades to come. 

Enjoy this day and be proud of your accomplishment! Tomorrow we go right back to 
work on completing the other F-35 variants and delivering the capabilities we must field over the 
next years to make the JSF program a success. Air, Marine and Naval forces around the world 
have put their faith and trust in our ability to deliver a system that will ensure their supremacy in 
any air combat scenario for decades to come. Together we can succeed. Congratulations on a job 
well done. 

Sincerely, 



Charles R. Davis, Brig Gen, USAF 
Program Executive Officer 











Lockheed Martin Aeronautics Company 

P.Q. Box 748. Moil Zone 1210, Fort Worth, TX 76101 

817-777-2097 FAX: 81 7-762-3200 

ralph.d, heath@lmco.com 


Ralph D. Heath 

Executive Vice President, Lockheed Martin Corporation, and 
President, Lockheed Martin Aeronautics Company 
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Dear friends and colleagues, 

What an honor to share in this critical and exciting moment of the Joint Strike Fighter program as 
history is made with first flight of the F-35 Lightning II. Nine nations laid the foundation of a 
vision 60 short months ago. And now, we’re delivering on the vision as we begin the transition 
from development to production. 

Enormous time and talent have gone into getting us to where we are today. Lockheed Martin, 
Northrop Grumman, BAE Systems, Pratt & Whitney and the GE Rolls-Royce Fighter Engine 
Team - along with countless industrial partners in all nine allied partner nations - were entrusted 
with the awesome responsibility of developing and fielding the first international multi-role, 5 
Generation fighter of the 21 st century. 

Now, at the dawn of first flight, we’re moving forward on the greatest international coalition 
military program of all time. The F-35 Lightning II represents a quantum technological leap in 
how an aircraft is designed, built and operated. It will revolutionize how future air forces equip, 
train, fight and support. 

I commit to you that we are steadfast in our resolve to sustain the focus that has characterized 
every aspect of the F-35 Lightning II to date. Without compromise, we continue to meet 
challenging performance, schedule and affordability commitments. Be assured, we will stay the 
course and finish the job. 

At the very foundation of the Lightning II team is vision, determination, tenacity and passion. I am 
confident that the accomplishments we celebrate today will pale against what this aircraft will 
achieve tomorrow in the national security of our nations. Together, this team will provide the men 
and women of the armed services around the world with the best fighter plane ever built! 


Sincerely, 
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NIFARP is an Industry Platform of the Netherlands Defence Manufacturers Association NMD 
Prinsessegracht 19, 2514 AP The Hague, The Netherlands Visit us at www.niid.nl and www.nifarp.nl 


























National Armaments Director 


Ministry of Defence 



Real partnership! 


The F-35 is becoming reality! Not only is the first flight a significant milestone in the 
development of the JSF, it is also evidence of a well-functioning multinational 
partnership. After all, the design of the F-35’s parts was led by Lockheed and Pratt Sl 
Whitney, and manufactured in the various partner countries of the F-35 programme. The 
cooperation not only involves the aircraft itself - cooperation also takes place in the field 
of logistics and training* That cooperation, at both the international and regional level, 
ensures that the F-35 is - and remains - lethal, survivable, supportable and affordable* 

Together, the F-35 partners have demonstrated some fantastic teamwork at the industrial 
and governmental levels. The success of that teamwork will be illustrated during the 
maiden flight of the F-35 AAL 

Over the next few years, that cooperation will be further enhanced at both the 
international and regional levels. In the case of the F-35, a common baseline and 
affordability will continue to be the points of departure* After excellent experiences in the 
successful F-l 6 Multi National Fighter Program, the Netherlands is looking forward to 
participating in the F-35 “Partnership of the future”. 



D* van Dord 

Director General 

Defence Materiel Organisation. 

Ministry of Defence 

The Netherlands 
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JOINT STRIKE FIGHTER PROGRAM 


The JSF program marks an evolutionary approach lo multinational collaboration in 
aircraft development and represents a landmark paradigm shift in how defence 
procurement is evolving. Participation in this cooperative partnership with ally nations on 
a project of unprecedented scale is providing the Department of National Defence and the 
Canadian Forces with first-hand experience and valuable insight into the emerging future 
of military procurement. 

Our involvement in the JSF program is much more than planning to meet a future 
military capability. It includes unique opportunities such as: exploration of a cost- 
effective means of aircraft design, production and sustainment; enhanced access to 
cutting-edge technological research and development; involvement at the ground level of 
aircraft development: and Canadian industry embedded in the development stage, 
creating new business opportunities and economic benefits. 

The participation of DND employees, CF members and the Canadian defence industry in 
the JSF program promises to provide Canadians with a strong return on investment and 
will complement Canada's proven history of aerospace development excellence. 



Mr. 


Assistant Deputy Minister Materiel 
Department of National Defence 


Canada 









To the power of 2 

The power of 2 

Heroux-Devtek = (know-how x precision metal technologies ) 2 



Congratulations to the Lockheed Martin team 

for the successful roll-out of the Lightning II F-35 aircraft. 

Heroux-Devtek is proud to contribute to the success 

of the JSF and be a long term partner in this essential program. 



Progressive Inc 
1030 Commercial Blvd North 
Arlington, Texas 
USA 76001 
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Participation in the JSF program has been extremely beneficial for the 
Canadian Forces, allowing visibility into next generation fighter technology 
as well as into upcoming interoperability and integrated support concepts. 
Continued involvement in the JSF program will ensure that Canadian Air 
Power is relevant, responsive and effective in the complex global security 
environment of today and tomorrow. 

As one of the nine participating nations on the JSF team, Canada is able 
to shape the capabilities of this next generation fighter aircraft to help 
ensure that it can contribute effectively to the security of Canada, North 
America, and Canadian interests around the world. By monitoring and 
developing the leading edge technologies of JSF, the Canadian Forces 
will remain fully interoperable with our allies, and especially the United 
States - a critical requirement given our partnership in the defence of our 
shared continent. 


While continuing to operate the modernized CF-18 Hornet until the 2017- 
2020 timeframe, the Canadian Forces is concurrently examining and 
defining the Canadian requirements for a next generation fighter. The 
knowledge, experience and opportunities gained by our participation in 
JSF will allow the Canadian Forces to make a significant contribution to 
Canadian and global security well into the 21st Century. 

Sincerely, 












'.gknaerospace.com 


GKN AEROSPACE 


Global Partner of Choice 


GKN Aerospace. 


The global 
supplier 
for global 
programs. 


Our involvement 
in the F-35 is 
evident across the 
breadth of the project. 

Applying our pure engineering skills 
and exacting standards every step of the 
way, our highly advanced materials, whether 
composite, metallic or transparency have made 
a powerful difference to the JSF's performance. 

With dedicated teams operating in the US, Europe 
and Australia, we've contributed to the fighter's 
engine, canopy and airframe. We play a vital role in this 
and nearly every major Western aircraft program, civil or 
military, in progress today. 
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JSF First Flight Publication 


Australia congratulates the United States Department of Defense, the JSF Program 
Office, Lockheed Martin and its JSF industry partners on the JSF Program’s progress 
to date and the extent to which they have integrated Australia into the Program. 

The project to replace Australia’s fleet of F-l 11 and F/A-l 8 aircraft will be 
Australia’s largest ever defence project and will represent a major part of Australia’s 
defence capability out to 2030 and beyond. 

Our decision to join the JSF Program in October 2002 was based on the benefits that 
the stealthy, multi-role, fifth generation JSF offered over the full range of contender 
aircraft. 

The Australian Government has made it clear that any decision to acquire the JSF 
would be subject to very detailed analysis of its ability to meet our future air combat 
capability requirements. That analysis continues and to date reaffirms our original 
assessment that the JSF will mature to meet Australia’s needs. 

With JSF the first truly global program of its type, there is no question that the 
Program is challenging, but if it weren’t so challenging it wouldn't be good enough to 
satisfy our future air combat requirements. 

Issues have already arisen and have been resolved by the Government and industry 
teams working together on the Program. We expect future issues to arise and be 
resolved by the same strong team effort. 

Australia remains a strong supporter of the JSF Program and we will continue to work 
with the United States as a partner - not just a customer - as we work towards 
entering the next phase of the Program. 

Australia has yet to make a final decision to acquire the JSF but we remain confident 
that the JSF will deliver the capability we need and we look forward to working as 
part of the international team to make the JSF Program a great success. 
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From the Wright Flyer to Joint Strike Fighter, 
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Sustaining Survivability 

Kilgore Flares Company, LLC, a proud supplier to the U.S, 
DoD and JSF Program, does its part to sustain aircraft 
survivability by advancing technology and continuously 
improving manufacturing processes associated with 
expendable airborne countermeasures. 




ilgore 


A Member of Chemring Group PLC 


Phone: +1 (731) 658-5231 airborne@kilgoreflares.com 

Fax: +1 (731) 658-4173 www.kilgoreflares.com 
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Electronic Mate & Assembly Stand 
Platform designed and built for Joint 
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With comprehensive Air, Land, Sea and Electronic Systems 
capability, Tenix Defence is the largest broad-based 
Australian defence company in the region. 

Tenix Defence provides a full range Importantly, Tenix Defence also 
of design, development, upgrade has a proud history of partnership, 
and support services across the 

entire defence spectrum. Our expertise is backed by broad 

collaborative experience with 
Key capabilities currently being many leading international 
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The Lockheed Martin X-35C Joint Strike Fighter concept development aircraft 
features a larger wing and increased range capability for operations at sea. 
The airframe also is beefed up to handle the catapult launches and tailhook 
arresting gear forces on the structure. The F-35C will become the first stealth 
aircraft for use with the U.S. Navy. 




A New Fighter Paradigm 


Rear Adm. Steven Enewold, USN, and Brig. Gen. Charles R. Davis, USAF, 
explain how the F-35 combines stealth, advanced sensor fusion, interoperability, 
and cost reductions 


By Clarence A. Robinson, Jr. 


A s the first multi-role international F-35 streaks down the run¬ 
way for takeoff, this Joint Strike Fighter (JSF) will fly as the most 
technologically advanced aircraft ever built. Not only impervious 
to radar detection and tracking, the next-generation stealth 
airplane’s airframe, engine, avionic, sensor, communication, and weapon 
systems all provide significant state-of-the-art advances. 
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Interview 


Even manufacturing technologies, designed to build 
more than 3,000 F-35s in three variants, provide major 
breakthroughs in aircraft production. Indeed, “the essence 
of the Joint Strike Fighter involves early investments to build 
reliability and maintainability into the program. This 
approach offers important payoffs later in reduction of 
manpower and maintenance requirements, especially for 
carrier-based versions that will influence the Navy’s CVN- 
21 aircraft carrier design,” according to Rear Adm. Steven 
Enewold, USN. He was, at the time of this interview, the F- 
35’s program executive officer (PEO). “We are not just try¬ 
ing to just build an airplane; we are building an air system. 
As an example, we are taking the next step in what we call 
prognostics, a system that uses embedded sensors through¬ 
out the aircraft to monitor and collect information on a vari¬ 
ety of subsystems. Over time, this system will predict when 
failures could occur. Initial focus will be on the airframe and 
engine. As we conduct ground and flight testing, we will see 
anomalies reported and match them against failures to gen¬ 
erate a database and start this predictive process,” Enewold 
explained during an interview in his Crystal City, Va., office. 

Brig. Gen. Charles R. Davis, USAF, then deputy PEO and 
now PEO, also participated in the interview. Shortly after the 
first flight of this fifth-generation aircraft, the general is 
slated to replace the admiral. The services rotate flag offi¬ 
cers into the PEO position about every two years. Each PEO 
reports to the acquisition executive of the opposite service 
to help balance equities. “The F-35 will provide the first 
stealth aircraft capability onboard carriers for the Navy and 
Marine Corps,” Davis said. “Moreover, the radar-evading, 
supersonic-capable F-35 is being developed as a transfor¬ 
mational weapons system to meet requirements of the U.S. 
Air Force, Navy, and Marine Corps, as well as the United 
Kingdom’s Royal Air Force and Royal Navy.” 

The single-engine JSF is being built in three versions - 
the F-35A conventional takeoff and landing variant for the 
U.S. Air Force, the F-35C aircraft carrier variant with larger 
wings for the U.S. Navy, and the F-35B short takeoff/verti¬ 
cal landing (STOVL) variant for the U.S. Marine Corps. The 
STOVL aircraft also is being built for the United Kingdom’s 
Royal Air Force and Royal Navy. 

In addition to the United States and United Kingdom, the 
cooperative System Development and Demonstration (SDD) 
program, which began in October 2001, includes Italy, The 
Netherlands, Turkey, Canada, Australia, Denmark, and 
Norway. Partnership in SDD entitles these nations to bid for 
work on a best-value basis and to participate in the air¬ 
craft’s development. While not full partners, Israel and 
Singapore are security cooperation participants. They are 
entitled to delivery priorities, certain program information, 


and country-specific technical studies for the F-35, 
Enewold said. 

Lockheed Martin Aerospace is developing the F-35 with 
its principal industrial partners, Northrop Grumman and BAE 
Systems. Lockheed Martin won a huge competitive military 
contract - which comes in at $200 billion - to build the JSF. 
Two separate interchangeable engines also are in develop¬ 
ment - the Pratt & Whitney F135 turbofan and the F136 tur¬ 
bofan from a GE/Rolls-Royce team. The engine is extreme¬ 
ly powerful, developing 40,000 pounds of thrust. 

The F-35 is designed to replace a wide range of aging 
fighter inventories that include U.S. Air Force A-lOs and F- 
16s, U.S. Navy F-14s and F/A-18s, and U.S. Marine Corps 
AV-8B Harriers and F/A-18s. This aircraft also will replace 
the United Kingdom’s Harrier GR.7s and Sea Harriers. The 
other nations expect to replace F—16s, F/A-18s, and AV- 
8Bs with the JSF. 

The cornerstone of the program is affordability. This is 
being achieved in large measure through a very high level of 
common parts and systems across the three versions of the 
aircraft. A requirement calls for 70 percent to 90 percent 
commonality between all variants. As it turns out, more than 
80 percent of all parts, including the largest and most 
expensive components, such as the engine and key avionics 
units, are common on all three F-35 variants, Enewold said. 

Software critical to mission success also is common 
across all three variants, which allows for more efficient test 
and checkout procedures and a reduced software mainte¬ 
nance infrastructure. Future upgrades and software updates 
will be more easily handled and affordably incorporated. 
The fully integrated weapons system allows F-35 pilots to 
positively and precisely strike moving targets in high-threat 
environments in day, night, and all-weather conditions. 

“From the beginning of the SDD program, software was 
identified as the greatest risk,” Enewold said. “Technical 
experts from organizations such as Carnegie Mellon 
University and Georgia Institute of Technology have con¬ 
ducted a series of independent reviews. A lot of high-pow¬ 
ered software engineers have been in to look at the JSF 
program,” he said. “Fundamentally, they believe, the archi¬ 
tecture is solid - a good, stable, and different architecture 
than anyone else is using. 

“When we complete development, there will be approx¬ 
imately 16 million lines of software code in ground systems 
and in the airplane,” the admiral said. “The split is about 10 
million lines of code in ground systems, simulators, and for 
logistics tracking, etc., with 6 million in the aircraft. The air¬ 
plane’s software encompasses functions such as radar pro¬ 
cessing and engine controls, as examples. When the first 
aircraft flies in October, we expect to have 2.8 million lines 
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The F-35A version of the JSF is an extremely nimble close 
air support airplane capable of operating at high angles 
of attack and performing post-stall maneuvers. The sys¬ 
tem development and demonstration version of the X-35A 
aircraft is powered by the Pratt & Whitney F135 turbofan 
engine, capable of generating 40,000 pounds of thrust. 
Note wingtip contrails as the aircraft banks. The engine 
can lift more in fuel and weapons than the aircraft’s own 
weight. 



of code in it. This is what I call the simplest code because it 
has been used and transferred over from the concept- 
development phase,” he said. “The flying qualities and 
engine controls have already been verified, and we will 
incrementally increase the software in blocks or spirals, 
depending on your terminology.” 

The first Block 1 JSF aircraft will have approximately 4 
million lines of code. The next block will have 4.5 million, as 
an example. “There will not be significant hardware changes 
between blocks of the F-35, as with the F-16 or F-18 - no 
larger wing or bigger whatever. The reality is that we will 
change some computer processors and software to get 
from Block 1 to Block 3 configurations,” Enewold said. “One 
of the lessons from all of the various U.S. aircraft fleets is 
that the more configurations you maintain, the more costly 
it becomes. We are working hard to provide a common con¬ 
figuration for all variants to hold down operational costs in 
supporting the fleet. 

“Every air force in each of our partner countries is 
absolutely salivating to get their hands on the JSF. We have 
clearly shown the aircraft’s capabilities via man-in-the- 
loop simulation, and in many aerial combat scenarios. We 
are pretty well amazed at the performance. It is a remark¬ 


ably capable aircraft, and our goal is to make the F-35 fly 
just like the simulator,” the admiral said. 

Support costs are forecast to be roughly half those of 
present-day fighters, and streamlined production methods 
will cut production time significantly. Procurement plans call 
for 2,593 F-35s for the United States and United Kingdom, 
with many other nations expected to acquire significant 
numbers of aircraft over the next decades. 

During the process of converting the X-35 conceptual 
design aircraft into an aircraft for the fleet, weight increas¬ 
es in the design of the F-35B STOVL version became a seri¬ 
ous concern, Enewold said. “This variant needed to lose as 
much as 3,000 pounds to avoid impacting cost and mission 
performance. The problem arose in translating from the 
concept-development aircraft, which had no weapons sys¬ 
tem avionics and very limited service or engine life. A lot of 
components were cobbled together just to determine that 
the experimental aircraft would work as designed.” 

In the face of this sobering development, Lockheed 
Martin formed a STOVL Weight Attack Team (SWAT) with 
500 engineers and managers to attack the problem. A 
design path was quickly identified for the F-35B that excised 
the 3,000 pounds of excess weight. The weight reduction 
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also improved structural integrity, optimized load paths, and 
brought greater overall efficiencies. “The STOVL design is 
now what I would call very mature, and we are starting to 
build a significant number of these versions,” Enewold stat¬ 
ed. 

“Two STOVL aircraft are in production in jigs, and parts 
are being manufactured for another two aircraft. 
Conventional takeoff and landing aircraft production is fol¬ 
lowing right behind, and it looks like it will be a much bet¬ 
ter performing airplane than we envisioned because of the 
weight reduction,” the admiral said. “We are also in the final 
stages of configuration for the carrier version. The road 
ahead is to build the airplanes in a configuration we can test, 
fly, and certify.” 

Simultaneously, propulsion engineers made adjustments 
to the F-35B’s auxiliary engine inlet and exhaust nozzle to 
improve thrust by more than 600 pounds. This approach 
was taken without making changes to the engine itself or 
the way it operates. All of these advances were accom¬ 
plished in less than six months. “Because of the shared basic 
architecture,” Enewold said, “there is a cascading effect 
across all three aircraft variants that will benefit from the 
weight-reduction design enhancements.” 

While almost as capable as the USAF/Lockheed Martin 
F-22 advanced stealth fighter in the air-to-air role, the F- 
35’s primary mission is in the air-to-ground role, comple¬ 
menting the capabilities of the F-22. Capable of supersonic 
dash speeds, the F-35 is not designed for supersonic cruise 
capability, Enewold said. With 4,800 hours in more than 50 
types of aircraft and more than 600 carrier arrested land¬ 
ings, he is both a test pilot and aeronautical engineering 


The short takeoff and vertical landing (STOVL) concept demon¬ 
stration X-35B aircraft prepares to settle to the runway during 
tests. In the F-35B system development and demonstration 
phase, aircraft weight increased significantly and prime contrac¬ 
tor, Lockheed Martin, reduced it by 3,000 pounds to meet cost 
and performance requirements. The STOVL variant, designed for 
the U.S. Marine Corps, and also for the United Kingdom’s Royal 
Navy and Royal Air Force, will operate from large deck U.S. 
amphibious assault ships. 


duty officer. Davis, an Air Force Academy graduate, is also 
an experimental test pilot with 3,300 hours in 35 types of 
aircraft. 

“What bothers me and Gen. Davis most is that focus from 
outside the program is often on the first airplane and its 
upcoming flight. However, there is a tremendous amount of 
progress in areas that may not be readily visible,” the admi¬ 
ral said. “We have three production radars in laboratories 
and in flying testbeds, electro-optic sensors, missile warn¬ 
ings sensors, electronic warfare, and numerous other sys¬ 
tems as examples. Progress in areas such as avionics is often 
unrecognized outside the program as we move toward first 
flight. We want to fly as soon as we are ready, but we will 
not force it; we don’t need to fly until the end of January or 
early February and still meet acquisition benchmarks.” 

Davis also noted that a great deal of the time spent 
involves issues or problems addressed in the media and 
Congress. “This situation tends to overshadow the rapid 
progress in the program with the airplanes being built and 
what we have proved JSF can do. There is some rocket sci¬ 
ence involved; however, many of the capabilities also 
encompass updating and repackaging technologies devel¬ 
oped across a wide variety of programs,” he said. “The 
electro-optic targeting system, which will be integrated into 
the cockpit and helmet-mounted display, involves repack¬ 
aging, upgrading, and reducing targeting pod technology 
from the F-16, as one example. We will take the F-16’s 
weapons payload and three tanks of gas and repackage it 
into a stealthy configuration and increase the range,” the 
general said. 

A modified Boeing 737-300 JSF Cooperative Avionics 
Test Bed Aircraft, or CATBird aircraft, is an example of a 
system designed to mimic the F-35’s sensors, cockpit con¬ 
trols, and displays. This airborne platform enables an early 
look at the F-35’s capabilities in a flight environment. The 
CATBird carries 20 engineers who observe and analyze 
performance against a variety of ground and air targets. 
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Top: The first F-35 takes shape in Lockheed Martin’s Fort 
Worth, Texas, factory. Middle: A Pratt & Whitney F135 tur¬ 
bofan engine that can generate 40,000 pounds of thrust 
undergoes testing in West Palm Beach, Fla. The engine is 
an evolution of the company’s F119-PW-100 advanced 
turbofan that powers the Air Force/Lockheed Martin F-22 
Raptor. The engine integrates the F119 core, a high-per¬ 
formance six-stage compressor, and a single-stage tur¬ 
bine unit with a new low-pressure spool. Bottom: After 
successful testing of the General Electric/Rolls-Royce 
F136 turbofan engine for both the conventional takeoff 
and landing F-35A and the short takeoff and vertical 
landing F-35B stealth aircraft, the engines are delivered. 
The engines, delivered early, completed testing in April 
2005, accumulating more than 200 hours. The F136 is 
interchangeable with the Pratt & Whitney F135 propulsion 
system for the F-35A, B, and C variants of the aircraft. 


From JSF mission control on the ground, the nerve cen¬ 
ter for flight testing, some 30 engineers will observe thou¬ 
sands of parameters telemetered from the aircraft. A team 
of specialists will analyze data and support the pilot should 
a problem arise. The F-35’s flight-test schedule will be 
long, complex, and aggressive from the Lockheed Martin 
facility in Dallas-Fort Worth, Edwards Air Force Base, Calif., 
and Patuxent Naval Air Station, Md. 

Davis, who earlier piloted the F-16, F-15, and F-117 
stealth fighter, remarked, “what seems to get lost in Air 
Force or Defense Department cost analyses or Government 
Accountability Office reports is the neat things we can do 
with the airplane that are well beyond today’s legacy air¬ 
craft. The programmatic questions are often how do we do 
this or that within budgets and schedules. We are balancing 
these challenges right now, even though a lot has already 
been proved. Stealth testing,” he added, “is conducted with 
pole models of the JSF and has been under way for quite a 
while. However, a production pole aircraft also will be made 
available for low observable verification testing.” 

The general also is closely involved in JSF engine devel¬ 
opment. His background earlier in flight testing the General 
Electric F110-GE-129 or Pratt & Whitney F100-PW-229 
engines for the F-16 makes him uniquely qualified for F135 
and F136 development. The engines are an evolution of the 
Pratt & Whitney F119-PW-100, a technologically advanced 
turbofan that powers the F-22 Raptor. The engines inte¬ 
grate the proven F119 core, a high-performance six-stage 
compressor, and a single-stage turbine unit with a new 
low-pressure spool. Additionally, the propulsion system 
features advanced prognostic and on-condition manage¬ 
ment systems that provide maintenance awareness, auto¬ 
matic logistic support, and test systems. 

Propulsion-system support and maintainability are fur¬ 
ther enhanced by the F135’s maintenance-focused design. 
The engine has approximately 40 percent fewer parts, 
which improves reliability. All line-replaceable units can be 
removed and replaced with a set of six common hand tools. 
The F135 also has a 50 percent lower infrastructure support 
requirement compared to current engines. The first produc¬ 
tion propulsion system for operational service is scheduled 
for delivery in 2007. 

In late May, “some test anomalies emerged with both 
the Pratt & Whitney and GE/Rolls-Royce engines,” the gen¬ 
eral said, “involving cracks, chipping, and pieces coming off. 
However, overall, the engines have done extremely well. In 
one case, cracks were discovered only after completion of 
durability testing and engine teardown. In another incident, 
during altitude tests, tips of blades chipped off and went 
through the engine. With some 300 hours of testing, a small 
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piece came off one of the stators in the GE/Rolls-Royce F136 engine. 
We are living with engine-developmental issues that correspond with 
where we should be in the program schedule.” 

More than 5,000 hours of Pratt & Whitney engine running has 
been completed as part of a 14,000-hour test program for use in all 
three aircraft variants, the general said. “The turbo machinery is iden¬ 
tical between all three of the variants. There have been some liners 
that blew out of afterburners early in testing; however, nothing has 
caused a catastrophic engine failure. The JSF program has accepted 
two Pratt & Whitney engines for the F-35 flight-test aircraft and 
installed one. We also have completed air starts with the F135 engine 
and are just where we might expect to be in this phase of develop¬ 
ment. We are also tracking below engine-cost targets and below not- 
to-exceed weight thresholds,” he said. 

Nevertheless, difficult decisions in juggling priorities in the presi¬ 
dent’s 2007 budget to Congress calls for cancellation of the JSF com¬ 
petitive-engine program. The Department of Defense reviewed the 
JSF’s two-engine strategy in its fiscal year 2007 budget deliberations 
and decided to cancel the F136 alternative engine. The department 
acknowledged the potential benefits to a competitive-engine strate¬ 
gy - improved reliability, maintainability, industrial-base considera¬ 
tions, and long-term performance growth. However, with 5,000 test 
hours on the F135, using the same engineering and manufacturing 
processes as the F119 engine, confidence was substantiated in a sin¬ 
gle engine supplier. British officials quickly descended on Washington, 
D.C., to protest the F136 termination decision. The House Armed 
Services Committee also faulted that decision, restoring $408 million 
to the 2007 budget for the alternate JSF engine program. Congress 
has long supported the F-35 alternate engine development. 

“Earlier annual competitions for the alternative fighter engine 
programs for both the F-15 and F-16 aircraft resulted in approxi¬ 
mately $4 billion in life-cycle cost savings. With nearly 3,100 F-35s 
and the likelihood of as many as 4,500-6,000 engines required over 
the JSF lifetime, it does not take significant savings through a compet¬ 
itive program to recoup the initial research and development invest¬ 
ment,” according to committee hearings. “These savings will be in 
addition to improved performance and technical innovation through 
competitive versus sole-source contracts.” 

New threats posed by increasing numbers of sophisticated 
advanced surface-to-air missile systems and combat aircraft make 
the F-35 essential and a top priority for flexible and responsive tac¬ 
tical aviation. Some threat air defense missiles already have ranges 
greater than 100 nautical miles, with newer 200-nautical-mile- 
range systems anticipated by the end of this decade. These advanced 
air-defense systems will compel today’s non-stealthy support aircraft 
to stand off beyond their onboard sensor ranges and the ranges 
available to most conventional ordnance. With the F117 Nighthawk 
stealth aircraft slated for retirement, the JSF, along with the F-22 
Raptor, will become the centerpieces of U.S. tactical aircraft modern¬ 
ization plans. 
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Program History 



Lockheed Martin’s STOVL Strike Fighter concept, 
developed under a DARPA program, was one of 
several separate initiatives merged into the JAST 
program, which later became the JSF program. 
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! Martin F-35 Joint 

I Strike Fighter 

The programs concept, beginnings, 
and history 

By Walter J. Boyne 



T he Lockheed Martin F-35 Joint Strike Fighter (JSF) is arriving at a unique 
point in history, when the very natures of warfare and the enemy have 
changed. It is entirely possible that the F-35’s first campaigns might be 
against a sophisticated enemy with a powerful integrated air defense 
system tied into fourth-generation fighters and the latest and most powerful 
surface-to-air missiles. On the other hand, the F-35 is more likely to be called 
upon to fight an enemy that disperses itself throughout the countryside, disap¬ 
pearing at will into the rabbit-warren housing of crowded cities or into the most 
barren countryside, diving into the mouths of interconnected caves. 

The demands placed upon the F-35 to complete its mission are thus more 
varied than ever before, and they demand the greatest range of capabilities ever 
asked of a strike fighter. The F-35 is to be a single-pilot, survivable, first-day — 
of-the-war combat stealth fighter with a near-precision, all-weather strike 
capability. It is to have a wide variety of air-to-surface and air-to-air weapons 
and will be able to defend itself in a dogfight. Further, the F-35 program is multi¬ 
national, multi-service, and multi-flight mode. 

The possibility of the F-35 being able to complete its many assigned missions 
depends in large part on Lockheed Martin’s capability to transfer and update as 
much sophisticated engineering as possible from its stablemate, the F-22A 
Raptor. The two aircraft will be working in tandem for decades to come. 

Aviation history is replete with fighter combinations that worked well 
together, despite large differences in cost and capability. World War I saw such 
lethal teams as Great Britain’s Sopwith Camel and the Royal Aircraft Factory 
S.E.5a. On the German side, the weak-winged Albatros series soldiered on with 
their look-alike Pfalz D III compatriots. Similar adversaries emerged in World War 
II, with the British Supermarine Spitfire and Hawker Hurricane paired against the 
German Messerschmitt Bf 109 and Focke Wulf Fw 190. Then a great American 
combo came along to dominate the scene: the Republic P-47 and North American 
P-51. 
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The pairing continued down through the years, with the 
role of the North American F-86 and Republic F-84 in 
Korea being reprised by the McDonnell F-4 and the Republic 
F-105 in the Vietnam War. 

All of these combinations were driven by a need to 
match certain requirements — speed, altitude, range, ord¬ 
nance, and maneuverability — against certain tasks — air 
superiority, close air support, and, in the later wars, long- 
range penetration bombing. 

The concept of complementary pairs was brought to a 
peak after the Vietnam War with the introduction of the 
McDonnell Douglas (now Boeing) F-15 and the General 
Dynamics (now Lockheed Martin) F-16 series. Initially 
viewed as a “high-low” combination (both in capability and 
cost), the Eagle and the Falcon have matured into multi¬ 
faceted weapons systems that dominate the skies in every 
encounter, including those flown in the service of foreign air 
arms. 

Now a new pairing is on the horizon, the F-22A Raptor 
and the F-35 Joint Strike Fighter. Once again, the two air¬ 
craft offer complementary capabilities that will handle the 
full spectrum of military fighter and fighter-bomber 
requirements. But the F-22A/F-35 combination differs from 
all of those in the past in extraordinarily significant ways. 

The most important is their raison d’etre, their 
absolutely dominating advantage over all existing and 


projected adversary aircraft. In the past, new fighters often 
possessed an initial performance advantage over their 
potential enemies, but these were usually relatively minor 
and were redressed in the next competitive cycle by the 
introduction of a more powerful engine or a next genera¬ 
tion in aerodynamics. The relatively slender degree of 
advantage held by any aircraft at any one time usually 
meant that air superiority was ultimately decided by num¬ 
bers and pilot training in a long battle of attrition. This con¬ 
cept is passe. The United States now intends to have the F- 
22A gain complete air dominance immediately, annihilating 
all enemy air resistance. The F-35 will then operate with 
impunity as a fighter-bomber, even as it retains the ability 
to vanquish any foe - other than an F-22A - in air-to-air 
combat. 

Another radical difference is the degree to which the F- 
35 has been influenced by the design of the F-22A - and the 
fact that the F-35 is reciprocating, influencing the design of 
the F-22A as it matures. The design of one fighter certain¬ 
ly influenced the design of another in the past, but never 
before has there been such an obvious familial relationship 
as the two new fighters from Lockheed Martin share. The F- 
22 has lent its general shape and stealth characteristics to 
the F-35, but innovations in design and manufacture in the 
F-35, particularly in the electronics, have been seized upon 
by the F-22 engineers. 
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A third difference, although this is in degree, is the com¬ 
petition of the two aircraft for funding. There has always 
been competition among rival companies for budget share in 
the past, but this is the first time a company found the com¬ 
petition entirely within its own ranks. Unfortunately, the 
major advances found in these two aircraft have raised their 
costs, and consequently make each one prey to the other in 
the struggle for budget share. 

A fourth difference, and the real basis for this article, is 
the fantastic advances in engineering and manufacturing 
technique that were necessary for the F-35 to meet its 
multi-role requirements as a conventional jet fighter, a naval 
fighter, and a fighter with short takeoff and vertical landing 
(STOVL) capability. To understand those advances, it is nec¬ 
essary to go back to the start of the program and see how 


the F-35 grew from a concept into what may be the most 
widely used jet fighter of the 21st century. 

The Requirement 

The F-15 made its first flight on July 27, 1972, while the 
F-16 made its real first flight on Feb. 2, 1974. Thus it is not 
surprising that the Department of Defense (DoD) would be 
conducting studies on replacement aircraft 20 years later. 

Each service had its priorities, with the Air Force seeking 
both a new strike aircraft to replace the Fairchild Republic A- 
10 and a Multi-Role Fighter (MRF) to replace the F-16. The 
Navy was still smarting from its embarrassment over the ill- 
starred McDonnell Douglas/General Dynamics A-12 Avenger 
II, and was seeking a candidate to replace the Grumman 
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Opposite: Boeing’s JSF proposal was for a tailless delta design, 
with little difference in planform across all three variants. Above: 
McDonnell Douglas’ proposal emphasized stealth, with such fea¬ 
tures as the distinctive “butterfly” tail surface. 


F-14. The Marines, always proud of but never entirely satisfied with their 
McDonnell AV-8B Harrier II aircraft, wanted another generation of 
STOVL fighter, just as the Royal Navy and Royal Air Force wanted a Sea 
Harrier and Harrier GR.7 replacement. 

With this much demand brewing, many active programs sprang up, 
generating a whole series of acronyms. Over a 10-year period, these 
included, among others, the following: 

(1) the Advanced Short Take-Off/Vertical Landing (ASTOVL) aircraft 

(2) the Short Take-Off/Vertical Landing (STOVL) Strike Fighter 

(3) the Common Affordable-Lightweight Fighter (CALF) 

(4) the Multi-Role Fighter (MRF) 

(5) the Advanced Tactical Aircraft (ATA) 

(6) the Naval Advanced Tactical Fighter (NATF) and, 

what has to be one of the worst project names and acronyms in his¬ 
tory, 

(7) the Advanced-Attack/Advanced Fighter-Attack (A-X/A/F-X). 

The Defense Advanced Research Projects Agency (DARPA) had 

actively monitored all of these and by 1993 was seeing the virtue of com¬ 
bining the characteristics of several into the Common Affordable 
Lightweight Fighter, with the goal of meeting the requirements of all of 
the services. This coincided with a budget-cutting move by the Clinton 
administration that killed both the Air Force MRF and Navy A-X/A/F-X 
programs. As a sop, or more charitably, a promise for the future, the DoD 
was allowed to set up an office to investigate “Joint Advanced Strike 
Technologies” (JAST). Within months, the CALF project was merged into 
the JAST office, a union that might be regarded as the conception of the 
eventual Joint Strike Fighter. 


TSI Group 



TSI Group Incorporated is your sin¬ 
gle source for custom engineered 
thermal management and electron¬ 
ics packaging products. We com¬ 
bine thermal, mechanical and elec¬ 
trical design expertise with in-house 
manufacturing and assembly capa¬ 
bilities to provide thermally efficient 
turn-key electronic assemblies, 
components and interconnect to 
your exacting requirements. 
Whether it is a fully populated elec¬ 
tronic box, thermally efficient enclo¬ 
sure, heat exchanger, circuit card 
assembly or a custom connector 
and harness, TSI has your solution. 
AS9100, ISO and NADCAP certified 
Quality Systems and state-of-the-art 
measurement and test equipment 
ensure product quality that is sec¬ 
ond to none. 



Brazonics American Avionics 


Woven Elec ironies 
Performance Metal Fabricators 


JOINT STRIKE FIGHTER I 35 
























advanced innovation 



The F-35 Lightning II and Honeywell’s system 
design and integration expertise. 

For the development of the most advanced fighter 
aircraft, the F-35 Lightning II Program team selected 
Honeywell to deliver a number of integrated solutions 
across the aircraft platform, including our innovative 
Power and Thermal Management System (PTMS). 
Featuring a combination of auxiliary power, emergency power, and environmental 
control functions into a single integrated system, this breakthrough technology 
reduces aircraft weight and space requirements, improves stealth benefits, 
and results in significant cost and operational savings. 



For your future aircraft-1 eve I integration design challenges, look to Honeywell for 
industry-leading innovation. 

Honeywell 


For more information visit us at www.honeywell.com/aero 
© 2006 Honeywell International Inc. All rights reserved. 






Program History 


r 


Past experience in such matters was not encouraging. 
Under Secretary of Defense Robert S. McNamara, an attempt 
had been made to equip the services with the TFX, a fight¬ 
er in which “commonality” was expected to reduce costs. 
The results were generally unsatisfactory, even though one 
derivative of the program, the General Dynamics F-lll, 
eventually gave sterling service. The McDonnell F-4 
Phantom II, however admirable, became, for lack of alter¬ 
natives, a multi-role fighter for all three services, but was 
not optimized for any one of the many tasks it was assigned. 

However, as is so often the case, leadership made the 
difference. The JAST office came under the direction of then 
Maj. Gen. George K. Muellner, a veteran fighter pilot with 
5,300 hours of flying time in the F-4, A-7, F-15, and F-16 
aircraft, with 690 combat sorties in Vietnam and another 50 
in Operation Desert Storm. Muellner converted the JAST 
office from a mere survey group cataloging what might be 
available into an acquisition program for what became the 
Joint Strike Fighter (JSF). His goal was to build a “universal 
fighter” that would meet the needs of all the participating 
services at an affordable price. Under his direction, the JAST 
concept now embraced three aircraft all based on common 
technology. The basic Air Force JAST aircraft was to be a 
stealth attack plane with good speed, range, and payload. 
The Navy had no stealth aircraft, and was very eager to 
obtain one. But carrier operations required a bigger wing to 
reduce approach speeds, and a more rugged construction. 
The Marines and the Royal Navy wanted a more advanced 
attack aircraft than the AV-8B or Sea Harrier, one able to 
operate from forward fields or small carriers. Despite the 
emphasis on close air support, the JAST was required to be 
able to defend itself in air combat, using advanced air-to- 
air missiles. 

The difficulties involved in satisfying this broad spectrum 
of requirements were enormous - but so were the project¬ 
ed cost savings. The JSF was to be a family of aircraft to 
replace the Air Force’s F-16 and A-10, the Navy’s 
Grumman A-6E and F/A-18C/D, the Marine’s AV-8B and 
F/A-18C/D, the Royal Navy’s Sea Harrier, and the Royal Air 
Force’s Harrier GR.7. Then, as lagniappe, it would pick up 
any duties left over by the soon-to-be-replaced F-lll, the 
stealthy Lockheed Martin F-117A, and the veteran F-15E. 

The imputed savings hinged on a number of factors. 
First was a services-wide acceptance of using a single 
engine. Second was the obvious fact that developing 
replacements for each of these aircraft was irrationally 
expensive, something on the order of $33 billion. It was 
estimated that the multi-use JSF could be developed for less 
than half that amount. Further, because there would be so 
many common elements - the majority of the structure, 


avionics, software, tools, and manufacturing techniques - 
life-cycle costs might be reduced by as much as $60 billion. 
All this made it worth the gamble to challenge the fast- 
shrinking American aviation industry to bid on a multipur¬ 
pose aircraft with a remarkable range of capabilities. 

The Competition 

The new aircraft was an immense challenge to industry. 
The JAST concept had evolved into a single-seat “first day 
stealth” aircraft equipped with the latest in avionics, all 
woven into the C4ISR architecture to reduce pilot workload. 
The stealth requirement was essential and dictated internal 
weapon storage, which was, in turn, dependent upon using 
the latest in precision-guided munitions to provide effective 
sorties. Once complete air dominance was established and 
the requirement for stealth reduced, external stores were to 
be carried to increase payload and flexibility - hence the 
term “first day stealth.” A surprising element of the specifi¬ 
cation was the scant concession to the STOVL variant in 
terms of performance. 

The JSF challenge came at a time of turmoil within a 
rapidly down-sizing industry, and it was immediately rec¬ 
ognized by all as a turning point unlike any in previous his¬ 
tory. First, the JSF had the potential to be the largest, most 
valuable aircraft contract in history, with initial estimates of 
an eventual production of as many as 6,000 aircraft, with a 
total estimated value of hundreds of billions of dollars. 
Second, the winner-take-all competition was going to be 
the last American fighter contract for generations - indeed, 
perhaps forever. 

Three teams competed. One combined the talents of 
McDonnell Douglas, Northrop Grumman, and British 
Aerospace, competing with Boeing and with Lockheed 
Martin. 

The combined experience of the McDonnell Douglas-led 
team in stealth and STOVL was impressive, yet it got off to 
a relatively late start and, by November 1996, was eliminat¬ 
ed. Its design was conventional, with a main engine using 
side nozzles that could be rotated for vertical thrust and a 
vectored exhaust for additional maneuverability. The STOVL 
version used a gas-driven lift fan installed vertically behind 
the cockpit. 

The venerable McDonnell Douglas firm had lost its posi¬ 
tion building airliners, and with its elimination was now in 
the same situation with fighters. It could continue building 
“heritage” fighters, the F-15s and F/A18s, but there would 
be no follow-ons. The solution was acquisition by Boeing, 
which meant an immediate and sometimes confusing 
realignment of the two remaining competitors. 
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The Boeing team now added all the McDonnell Douglas 
experience to its fold, while Northrop Grumman and British 
Aerospace, by now called BAE Systems, joined the Lockheed 
Martin team. The resolution of the rights to proprietary 
material must have been of staggering difficultly. 

During the next two years, the firms participated in the 
Concept Definition and Design Research phase. On Nov. 16, 
1996, Boeing and Lockheed Martin were invited to continue 
into the Concept Demonstration Phase (CDP) of the pro¬ 
gram, which had been renamed the Joint Strike Fighter in 
early 1996. Both firms were to finalize their designs and 
build and flight-test two demonstrator aircraft while com¬ 
pleting design work on a production version. 

The two companies used very different approaches to 
the problem, although both sought to adhere to the four key 
design factors of survivability, lethality, supportability, and 
affordability. 

Lockheed Martin went to the heart of the stealth and 
production problems by offering what appeared to be a 
scaled down version of the F-22A, with two demonstrator 
aircraft provided to cover the three required types. The X- 
35A (CTOL) was the conventional takeoff and landing ver¬ 
sion; the X-35B (STOVL) was the short-takeoff and vertical 
landing version; the X-35C (CV) was for carrier use. 

The X-35B used a shaft-driven lift-fan system to 
achieve Short Takeoff/Vertical Landings capability. All three 
variants were powered by a derivative of the Pratt & 
Whitney F119 engine, while Rolls-Royce/Allison provided 
the shaft-driven lift-fan with the associated roll ducts and 
the three-bearing swivel main engine nozzle. The X-35A 
was modified with the lift-fan system to become the X-35B. 
Just as much of the X-35 was developed from the F-22A, 


so was Pratt & Whitney’s F135 engine developed from its 
F119. The F135 propulsion system team consists of Pratt & 
Whitney, which has responsibility for the main engine and 
for system integration; Rolls-Royce, which provides the lift 
components for the STOVL F-35B; and Hamilton 
Sundstrand, which makes the F135’s control system, exter¬ 
nal accessories, and gearbox. 

A group led by General Electric, called the GE Rolls- 
Royce Fighter Engine Team, was subsequently awarded a 
development contract for a competing, interchangeable 
engine, the F136. Despite a budget proposal to cancel the 
F136, the program is ongoing, and development has contin¬ 
ued without interruption. 

The X-35 demonstrator began its tests on Oct. 24, 
2000, and concluded them a year later on Aug. 6, 2001, 
with all requirements achieved. The “three” aircraft com¬ 
pleted 139 flights, accumulated 107 hours of flying time, and 
reached Mach 1.22. On July 20, the X-35B, flown by USMC 
Maj. Art Tomassetti, performed the world’s first “Mission X” 
a short takeoff, level supersonic dash, and vertical landing in 
a single flight. 

Boeing followed a more conventional approach - if any 
STOVL exercise can be considered conventional - employ¬ 
ing a direct-lift system for short takeoffs and vertical land¬ 
ings similar in layout to that used on the AV-8B. This choice 
dictated initially that a thick delta wing be used, along with 
a very short nose. Boeing stressed that no airframe changes 
were necessary between its conventional and carrier aircraft 
variants. However, over time, Boeing decided that the 
production aircraft would require a conventional tailplane 
and a swept rather than diamond delta wing for carrier 
approaches. 
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The X-32A CTOL aircraft made its first flight on Sept. 
18, 2000, and flew supersonically on Dec. 21. The X-32B 
STOVL made its first hover on March 7, 2001, and a com¬ 
plete transition from conventional to STOVL to convention¬ 
al mode again on April 13, 2001. It made a short take-off, 
supersonic flight, and short landing on July 28 of the same 
year. 

Both aircraft performed well, but aesthetically it was no 
contest. The Boeing entry was, from most angles, far less 
attractive than the Lockheed Martin aircraft, and while this 
probably played no part in the final competition decision, it 
was a factor in the minds of many onlookers. 

On Oct. 26, 2001, Secretary of the Air Force Dr. James 
G. Roche announced that the Lockheed Martin-Northrop 
Grumman-BAE Systems team was the winner of the Joint 
Strike Fighter contest. The estimated value of the award 
was $18.9 billion. Pratt & Whitney received a $4 billion con¬ 
tract for the engines. Of these amounts, $2 billion will be 
contributed by Great Britain. The first operational Joint 
Strike Fighter, now called the F-35, was scheduled for 
delivery in fiscal year 2008. Later off-the-record com¬ 
ments indicated that while both aircraft met the specifica¬ 
tions, the Lockheed Martin entry was clearly superior on all 
counts. 

The F-35 team immediately entered the program’s 
System Development and Demonstration (SDD) phase, pro¬ 
grammed to extend for 11 1/2 years. The SDD involves the 
development and testing of the entire aircraft system, 
including its manufacture. The team will build a total of 23 
test aircraft during SDD. Of these, 15 will be used for flight 
tests, seven for non-airborne tests, and one to evaluate the 


Left: Boeing’s X-32B STOVL demonstrator used a 
direct-lift system similar to the tried-and-true Harrier. 
Opposite: Lockheed Martin's X-35C over Edwards Air 
Force Base, Calif. The X-35C had larger wing and tail 
surfaces to improve performance in the carrier landing 
environment. 


aircraft’s radar signature. Nations participating in the SDD 
include the United States, United Kingdom, Italy, the 
Netherlands, Turkey, Canada, Australia, Denmark, and 
Norway. Doing so allows these countries to bid for work on 
a best-value basis as they participate in the aircraft’s devel¬ 
opment. 

Potentially worth $300 billion and more over the pro¬ 
jected 30 years of production, the JSF program will ulti¬ 
mately involve hundreds of companies in all nine JSF part¬ 
ner-countries. The expected total number of F-35s to be 
produced has varied, ranging from 3,000 to 6,000, but 
whatever the quantity, the long-term maintenance and 
support contracts will generate more billions in commerce. 

The F-35 engine will be almost twice as powerful as 
current engines, and the aircraft will have the latest devel¬ 
opments in stealth technology. Like the F-22A, it will have 
an advanced cockpit that integrates each aircraft with oth¬ 
ers in its flight, as well as with information available from 
command and control aircraft and satellites. The aircraft is 
approximately a third of the way through its SDD phase. 

Flight tests are planned to take place at Edwards Air Force 
Base, Calif., Patuxent River Naval Air Station, Md., and at the 
home plant at Fort Worth, Texas. When the naval versions 
are built, they will be tested aboard U.S., British, and Italian 
aircraft carriers. 

Manufacturing Innovations 

Full-scale production is planned for 2013, when 20 
planes per month will be built. The plane will be built on a 
moving assembly line - a first for a fighter. Final assembly 
will take as little as five months. Most fighters are assem¬ 
bled in 13 months. At the present time, a total of 2,593 air¬ 
craft are scheduled for delivery to the Air Force, Navy, 

Marine Corps, and to the British Royal Navy and Royal Air 
Force. 

A whole new attitude combines with a new psychology 
at Lockheed Martin in approaching the F-35. The firm had 
already had extremely high standards established with the 
F-16 program, where costs were maintained despite 
swings in production rates that varied from 165 aircraft S 
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annually in 1993 to 27 in 2002. Improvements in the JSF 
program stem from advances made possible by the digital 
revolution. The JSF is the first fighter program that has 
received the same focus on cost as it did on engineering. 
Every element of the aircraft - materials, tolerances, per¬ 
formance - is negotiated against cost considerations. And 
this is possible only because a digital pathway is followed 
through design, construction, assembly, and even mainte¬ 
nance. 

The last named element - maintenance - was always 
the most difficult to control because it was off the factory 
premises. Maintenance of the F-35 will be buttressed by the 
autonomic logistics system, which monitors the health of 
aircraft systems in flight and continually downlinks that 
information to the ground. This allows parts and personnel 
to be pre-positioned to enable a quick turn-around, allow¬ 
ing for higher sortie rates. 

Similar planning is involved in the manufacture of the F- 
35, where the production line is notable for its automation, 
reduced tooling, and the virtual elimination of hammered 


rivets. All subassemblies are loaded into simplified tooling 
capable of building all three of the F-35 variants, which 
share about 80 percent common parts. Assembly speed and 
precision on the first F-35 have far surpassed those of the 
most advanced legacy programs, and have exceeded even 
optimistic expectations. 

Lockheed Martin engineers have avoided using technol¬ 
ogy for technology’s sake, a common temptation; instead 
they use technology to reduce cost. As much tooling as pos¬ 
sible has been eliminated, and production flow has been 
improved. The increase in precision fabrication eliminates 
time-consuming hand-fitting and rework. 

The future for the F-35 looks bright, even with uncer¬ 
tain budgetary clouds on the horizon. In the short term, 
there may well be even further cuts in the projected total 
production effort, but this is to be expected. In the long 
term, however, the real requirements for a new fighter will 
reverse this trend, and in 30 years or more of production 
life, the number of F-35s may well approach as many as 
6,000, and perhaps even more. 



JOINT STRIKE FIGHTER I 41 






X-32 vs. X-35 


This page: The Lockheed Martin X-35. 
Opposite: The Boeing X-32. 



A winner-take-all dogfight 


X-32 Versus 
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n the early 1980s, in its effort to find an advanced strike fighter, the U.S. Department of 
Defense (DoD) - specifically, its Defense Advanced Research Projects Agency (DARPA) arm 
- began a number of studies into such a weapon system that metamorphosed into the Joint 
Advanced Strike Technology (JAST) aircraft program of late 1993. The JAST aircraft was to, 
at first, supplement and ultimately replace then-current fighter-attack aircraft fleets of the 
U.S., allied, and friendly air forces, beginning within the first decade of the 21st century. 

The earlier study programs that led up to the JAST program included: Advanced Short 
Takeoff/Vertical Landing (ASTOVL), 1983-1994; Short Takeoff and Vertical Landing (STOVL) 
Strike Fighter (SSF), 1987-1994; Common Affordable Lightweight Fighter (CALF), 1993-1994; 
Multi-Role Fighter (MRF), 1990-1993; Advanced Tactical Aircraft (ATA), 1983-1991; Naval 
Advanced Tactical Fighter (NATF)1990-1991; and Advanced-Attack/Advanced/Fighter-Attack 
(A-X/A/F-X), 1992-1993. In essence, the JAST program was a follow-on to the ASTOVL pro¬ 
gram. 

Following a relatively long airframe-contractor contest among Boeing, General Dynamics, 
Lockheed, McDonnell Douglas, and Northrop, Boeing and Lockheed (Lockheed Martin since 
1995) each won the right to proceed with their respective JAST-cum-JSF development pro¬ 
grams. By early 1997, the acronym JAST had been changed to JSF (for Joint Strike Fighter) when 
the Concept Demonstration Phase (CDP) began for Boeing and Lockheed Martin. 


by Steve Pace 
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Flight test personnel with two of the Concept 
Demonstration Phase contenders. 



In both cases, the word “joint” in the JAST and JSF pro¬ 
grams means that the aircraft are to be appropriated and 
used by all U.S. air forces and that three dedicated variants 
will be created with an approximate 80 percent commonal¬ 
ity. The first variant will be employed by the U.S. Air Force 
as a Conventional Takeoff and Landing (CTOL) strike fight¬ 
er; the second version will be used by the U.S. Marine Corps 
as a Short Takeoff and Vertical Landing (STOVL) strike 
fighter; and the third derivative will be operated by the U.S. 
Navy as a Carrier Variant (CV) strike fighter. Both the Royal 
Air Force and Royal Navy of the United Kingdom showed 
interest early on in acquiring the STOVL variant of the JSF, 
and on Jan. 17, 2001, the United Kingdom signed on to the 
program. 

When the three versions of the F-35 begin to enter 
service at home and abroad, they will first supplement and 
then replace a wide range of existing combat aircraft. In the 
United States, the F-35A will supersede the USAF A-10A 
Thunderbolt II and the F-16C Fighting Falcon; the F-35B 
will replace the USMC AV-8B Harrier II; and the F-35C will 
supplant the F/A-18C Hornet. In the United Kingdom, the F- 
35B will replace the Royal Air Force’s GR.7 Harrier, and in 
the Royal Navy, the F/A2 Sea Harrier. It remains to be seen 
which aircraft the F-35 will replace in the air forces of other 
U.S. allies and friends. 

In November 1996, Boeing and Lockheed Martin 
received multi —million —dollar, 51-month contracts to build 
two Concept Demonstration Aircraft (CDA) each ($661.8 
million and $718.8 million respectively) - specifically, one 
JSF CDA to show both its CTOL and CV capabilities and the 
other JSF CDA to display its STOVL characteristics. By con¬ 
tract, both airframe contractors had to complete their JSF 
CDA programs, including flight test, by the end of February 
2001 . 

Prior to the JSF, the last two “F for Fighter” designations 
went to the Advanced Tactical Fighter (ATF) prototypes - 
the Lockheed/Boeing/General Dynamics YF-22 and the 
Northrop/McDonnell Douglas YF-23. But in the case of the 
two JSF CDA entries, the DoD elected to bypass the desig¬ 
nations F-24 and F-25. Instead, it applied X-32 to the 


Boeing JSF, and X-35 to the Lockheed JSF - the X prefix 
meaning “Research.” In turn, Boeing applied X-32A to its 
CTOL entry and X-32B to its STOVL concept; Lockheed 
Martin chose X-35A for its CTOL offering and X-35B for its 
STOVL design. The original X-32 program had been can¬ 
celled, so Boeing got that designation, and since the X-33 
and X-34 programs were in progress at the time, Lockheed 
Martin got the next available X designation, being X-35. 

As the JSF program progressed, Boeing decided to use 
its X-32A as-is for both CTOL and CV demonstrations. On 
the other hand, which ultimately proved to be a plus, 
Lockheed Martin opted to reconfigure its X-35A for CV 
demonstrations after it had shown its CTOL characteristics. 
Its X-35A was then redesignated X-35C. 

This writer asked Boeing why it had elected that its X- 
32A would perform double duty as both the CTOL and CV 
variants without modification. On Oct. 18, 1999, Michael J. 
Tull, Boeing senior manager of communications, emailed me 
his answer: “Boeing has no need for an X-32C. Our compe¬ 
tition has made changes to their flight-test program that 
necessitates a reconfiguration of one of their concept 
demonstrators. Boeing’s original plan, which does not 
require any reconfiguration, is still intact.” 

With a great deal of fanfare on Dec. 14, 1999, Boeing 
publicly unveiled its X-32A and X-32B airplanes side-by- 
side, while for the most part Lockheed Martin kept its X-35A 
and X-35B under wraps. 

Beating Lockheed Martin to the punch again, Boeing 
entered into flight testing first on Sept. 18, 2000, when it 
flew its X-32A CTOL airplane from Palmdale, Calif., to 
Edwards AFB, Calif. After 33 CTOL flights, Boeing flew 
another 33 flights with its unmodified X-32A to illustrate its 
CV obligations. On Dec. 2, 2000, Boeing completed its series 
of low-speed approach CV tests. After 66 flights in a 50/50 
split as both a CTOL and CV demonstrator, the X-32A com¬ 
pleted its last flight on Feb. 5, 2001. 

Earlier, on Oct. 24, 2000, Lockheed Martin entered the 
fray with the first flight of its X-35A CTOL demonstrator 
from Palmdale to Edwards AFB. It flew 27 CTOL flights and 
then returned its X-35A to Palmdale for its conversion to 
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Boeing’s X-32A CTOL/CV variant demonstrates field car¬ 
rier landing capabilities. Boeing built only two variants: 
the X-32A CTOL/CV and the X-32B STOVL. Below: 
Lockheed Martin's X-35B STOVL variant in flight over 
Edwards AFB. The X-35B’s clear superiority over the X- 
32B was a major victory for Lockheed Martin. 


The Boeing X-32B STOVL demonstrator 
arrived at Edwards AFB after its first flight from 
Palmdale on March 29, 2001. The X-32B complet¬ 
ed 78 flights, during which it had to be stripped of 
several fuselage parts to lighten the airframe to 
more safely perform vertical lift-off and hovering 
maneuvers. 

After several vertical lift-offs and hovering 
tests at Palmdale, the Lockheed Martin X-35B 
STOVL demonstrator completed its first full flight 
from Palmdale to Edwards AFB on July 3, 2001. It 
eventually completed 39 flights in early August 
2001. Two of its flights demonstrated short take¬ 
offs, climbs to altitude, and jaunts to supersonic 
speed, followed by vertical landings. 

Flight testing complete, proposals handed in to 
the Pentagon, the time had come to see who would 
win the hard-fought “on-paper” fly-off between 
the Boeing X-32 and Lockheed Martin X-35. Of 
course, both firms felt that their offerings were 
best, but it was a winner-take-all dogfight, and only one 
airframe contractor could advance. So just who would build 
what might just be the last manned fighter in the U.S. arse¬ 
nal? The answer came about two months later. 

Under a near $1 billion JSF CDA program, Lockheed 
Martin went head-to-head with Boeing, whereby each 
airframe contractor built and flight-tested two airplanes, 
which were designated X-35 and X-32 respectively. During 
this paper fly-off between the Boeing X-32 and Lockheed 


the X-35C for CV demonstrations. The X-35C made its first 
flight out of Palmdale on Dec. 16, 2000, landing at Edwards 
AFB. It made a number of CV flights at Edwards AFB before 
flying cross-country on Feb. 10, 2001, to Naval Air Station 
Patuxent River, Md., for further CV demonstration flights. 
This was the first time an X-plane had ever flown cross¬ 
country. As the CV test plane, the X-35C ultimately com¬ 
pleted 73 flights, during which it demonstrated a large num¬ 
ber of simulated aircraft carrier landings. 
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X-32 vs. X-35 


Martin X-35, all three missions of the JSF - CTOL, STOVL, and CV - had 
to be demonstrated by their two airplanes. 

Boeing had formed its X-32 in its Phantom Works while Lockheed 
Martin shaped its X-35 in its Skunk Works advanced development unit. 
Both of these high-security facilities have created many notable aircraft. 
The X-32 and X-35 designs from Boeing and Lockheed Martin are very 
different, yet they both demonstrated similar overall performance. Even 
their attractiveness became an issue within the aviation press. That is, 
one journalist called the X-32 a “flying frog,” while another thought it 
looked like it was “hit with an ugly stick.” A general comparison follows: 

X-32A vs. X-35 A CTOL: The Boeing X-32A featured a deeper, 
wider fuselage with a single chin-mounted engine air inlet, while the 
Lockheed Martin X-35A sported two cheek-type engine air inlets. While 
both designs came with twin outward-canted vertical tails, the X-32A 
had delta-shaped wings and the X-35A had trapezoidal wings with 
straight tips. Only the X-35A had stabilators (combined horizontal stabi¬ 
lizers and elevators). 

X-32B vs. X-35B STOVL: Boeing elected to configure its X-32B 
with the tried and true direct-lift system similarly used by the Harrier. 
Lockheed Martin, working with Rolls-Royce, designed a new shaft- 
driven lift-fan system rather than replicating the old 1950s-era Harrier 
system. With Boeing’s chin-mounted engine air inlet, foreign object dam¬ 
age (FOD) could have been a major concern, as well as possible hot air 
ingestion woes. 

X-32A as X-32C vs. X-35C CV: Boeing chose to use its unmodified 
X-32A for CV demonstrations, so there was no X-32C. Lockheed Martin 
returned its X-35A to the factory, where larger-area wings with bigger 
control surfaces replaced the ones used on the X-35A, and the plane 
demonstrated CV operations as the X-35C. This action allowed Lockheed 
Martin to better demonstrate what its CV could do in practice, which the 
unmodified X-32A was not able to do so as well as the X-35C. 

During the X-32 and X-35 JSF CDA flight demonstrations, the two X- 
32s logged 144 flights in 107 flight hours; the two X-35s totaled 139 
flights in 106.9 flight hours. The actual number of flights and flight hours 
by these aircraft can be found in Table 1. 

As can be seen in the totals, the number of flights and flight hours 
were quite similar - 144 and 107 for the X-32 and 139 and 106.9 for the 
X-35. 

So after some 10 years of design and development, which included 
the large number of flight tests shown in the table, the JSF proposals 
from Boeing and Lockheed Martin were thoroughly examined by 
Pentagon officers and officials. Lockheed Martin met all of the JSF CDA 
specifications and flight-test requirements, and it won favor. Boeing 
likewise met the requirements, but with the one major exception dis¬ 
cussed below. 

In the on-paper fly-off both JSF CDA types had performed 
admirably, with the X-35 coming out on top. This was due, in part, to 
several key factors: 

The X-35 was judged superior to the X-32 because of its overall 
design configuration, which featured cheek-type engine air inlets on 
either side of its fuselage rather than the large sugar-scoop-type of air 
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Fruit of the victory, the first F-35 rolls out of the Lockheed 
Martin Fort Worth Factory. 


inlet featured on the X-32. In fact, the forward-mounted 
maw on the Boeing entry had such a large opening that 
most of the engine’s “face” could be seen by eye when 
viewed straight-on and, even worse, detected by radar as it 
approached a danger zone. Since stealth was one of the 
primary prerequisites, and because the front of the X-35’s 
engine was hidden within its airframe, it was deemed supe¬ 
rior to the X-32. 

Lockheed Martin elected to reconfigure its X-35A to 
perform dedicated CV demonstrations with its redesignated 
X-35C, which was a big plus. Boeing opted to use its 
unmodified X-32A for its CV operations, and that decision 
proved costly. 

With its newly engineered shaft-driven lift-fan system, 
the X-35B better demonstrated STOVL characteristics over 
the X-32B, which elected to use an existing direct-lift sys¬ 
tem similar to the type used by the AV-8 Harrier. Moreover, 
the X-32B proved to be too heavy, and some exterior fuse¬ 
lage items had to be removed before the aircraft was light 
enough to lift-off vertically and hover. Boeing said that it 
would have to create a new design 1,500 pounds lighter, 
which it did not have time to build but would be submitted 
to the JSF Program Office. 

The X-32 had already undergone several design 
changes. Boeing’s latest design change was announced in 
early November 1999, when it added a backward-swept, 
straight trailing edge from the wing root to the wingtip on 
its configuration number 374. This modification, according 
to Boeing, was made to give its JSF demonstrators better 
maneuverability and a lower radar cross-section (RCS). 


Moreover, it added new slit-type inlets alongside and below 
the cockpit canopy on either side of the fuselage to provide 
cooling air for the environmental controls. The previous 
inlet was within the X-32’s chin-mounted variable-geom¬ 
etry “sugar scoop” engine air inlet. However, the hidden 
inlet did not provide adequate cooling air. Thus, the new 
inlets were relocated for more direct airflow to the environ¬ 
mental controls. However, with the new inlets, the new 
design’s increased parasite drag and RCS parameters came 
into question. 

Boeing’s previous configuration, number 373, was a 
redesign itself: The earlier 372 delta-wing configuration had 
been abandoned to improve its overall flying characteristics 
and to reduce overall aircraft weight. Configuration 373- 
cum-374 featured all-moving horizontal tailplanes (stabila- 
tors), whereas the delta-wing version had none. 

In two unprecedented demonstrations of Lockheed 
Martin’s X-35B called “Mission X” on July 20 and 26, 2001, 
test pilots achieved short takeoffs at 80 and 60 knots (in 
about 500 feet), in-flight conversions from STOVL to CTOL 
flight modes, 360-degree roll and 20-degree angle of 
attack pitch-up maneuvers, an in-flight refueling, climbs to 
25,000 feet and respective accelerations to 1.5 and 1.6 Mach 
numbers, changes back from CTOL to STOVL modes, and 
vertical landings. Moreover, during X-35B demonstrations, 
14 short takeoffs, 18 vertical liftoffs to hover, and 27 verti¬ 
cal landings were accomplished. 

Unfortunately for Boeing, its X-32B was too heavy in its 
final CDA test configuration and it never did fully demon¬ 
strate all of the STOVL maneuvers that were needed to 
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X-32 vs. X-35 


Table 1 : Total Flights, Flight Hours Flown 

AIR VEHICLE 

NUMBER OF FLIGHTS 

FLIGHT HOURS 

Boeing X-32A CTOL 

33 

25.2 

Boeing X-32B STOVL 

78 

56.6 

Boeing X-32A as CV 

33 

25.2 

Lockheed Martin X-35A CTOL 

27 

27.4 

Lockheed Martin X-35B STOVL 

39 

21 .5 

Lockheed Martin X-35C CV 

73 

58 


satisfy the requirements. Moreover, with its reconfigured X- 
35A CTOL airplane better playing the X-35C CV role, 
Lockheed Martin was able to accomplish a total of 252 field 
carrier landing practice (FCLP) tests at NAS Patuxent River, 
Md. Meanwhile, Boeing’s unmodified X-32A STOL CDA 
demonstrated a lesser number of FCLP tests, flying 33 total 
flights as the CV demonstrator. During these 33 flights, 
Boeing flew 97 approaches and 74 actual landings during its 
FCLP tests. 

On paper, then, and in the air, Lockheed Martin flew a 
more aggressive flight-test program and more than met all 
of the CTOL, STOVL, and CV concept demonstration aircraft 
requirements, especially with its X-35B demonstrator - 
without weight-saving measures and/or lift system 
changes. The Lockheed Martin F-35 design was also, to 
some, more eye-appealing and looked like a fighter should 
look. The old adage “y° u can’t judge a book by its cover” did 
not apply here. 

On Oct. 26, 2001, the DoD announced that Lockheed 
Martin and its team members had won the Joint Strike 
Fighter (JSF) competition to build the F-35 - an agile, multi¬ 
role, multi-service, supersonic stealth fighter for the U.S. Air 
Force (USAF), U.S. Marine Corps (USMC), and U.S. Navy 
(USN), as well as the Royal Air Force and Royal Navy of the 
United Kingdom. By contract, Lockheed Martin, Northrop 
Grumman, and BAE Systems team members were to pro¬ 
duce an initial batch of 22 F-35A, F-35B, and F-35C air¬ 
planes during the $18.9 billion System Development and 
Demonstration (SDD) phase of the JSF program. 

When Lockheed Martin won the right to produce the F- 
35, Pratt & Whitney (P&W) was awarded a $4.8 billion con¬ 
tract to produce three versions of its 40,000-pound thrust 
class F135 propulsive system: for the F-35A, the F135-PW- 
100; for the F-35B, the F135-PW-600; and for the F-35C, 
the F135-PW-400. 

Under the Alternative Engine Program, General Electric 
Aircraft Engines and team member Rolls-Royce won a $2.4 
billion contract to produce three versions of the 40,000- 
pound thrust class F136 for later evaluations. First flights of 
F136-powered F-35s will most likely not happen until 2010 


or shortly after the SDD phase. Pratt & Whitney 
and General Electric signed an earlier agreement 
on June 6, 2001, whereby all JSF variants will be 
able to accept either the P&W F135 or the 
GEAE/RR F136 without structural modifications. 

Now more than five years into the SDD phase, 
Lockheed Martin and its team members are busy 
creating a common strike fighter for an ever- 
increasing number of land- and sea-based air 
forces that now includes those of Australia, 
Canada, Denmark, Italy, the Netherlands, Norway, and 
Turkey, in addition to the United Kingdom and the United 
States. 

As currently scheduled, the SDD phase is to conclude in 
the 2011-12 time period. A high rate of production is 
planned for 2009 to 2010; up to one F-35 per day will be 
built for an initial total production run of 2,593 aircraft for 
all services. As many as 6,000 or more JSFs may eventually 
be built, and the USAF intends to procure 1,763 F-35As, the 
USMC and USN 680 F-35Bs and F-35Cs, while the RAF and 
Royal Navy each want the service of about 75 F-35Bs. Just 
how many will be ultimately produced remains to be seen. 

The first SDD flight (an F-35A) was scheduled for the 
third quarter of 2006 at this writing with a projected first 
delivery of an operational test JSF scheduled for 2008. The 
actual meeting of Initial Operational Capability (IOC) for the 
USAF F-35A will most likely be in the year 2011; the USMC 
F-35B, early 2010; and the USN F-35C, early 2012. Final 
assembly of three versions will be in Fort Worth, Texas, at 
the Lockheed Martin Aeronautics Company facility, while 
major components will be supplied by Northrop Grumman 
and BAE Systems. 

According to Lockheed Martin, 15 “flyable” SDD F-35 
aircraft will be built in the three versions: the F-35A CTOL, 
the F-35B STOVL, and the F-35C CV. The 22 SDD airplanes 
will be built as will one full-scale radar-signature-test pole 
model (not counted in total), seven static-test airframes, 
and the aforementioned 15 F-35A, F-35B, and F-35C 
flight-test examples. Five F-35Bs and four F-35Cs will be 
tested by VX-23 at NAS Patuxent River for the USN and 
USMC, while the remaining six F-35As will be evaluated by 
the USAF’s 412th Test Wing, 411th Flight Test Squadron at 
the Air Force Flight Test Center (AFFTC) based within 
Edwards AFB. 

The first SDD airplane, a USAF F-35A CTOL variant, left 
the factory on Feb. 19, 2006, to undergo a series of ground 
tests on the flight line prior to taxi tests and its first flight, 
which is scheduled for fall 2006. First flights of the F-35B 
STOVL and F-35C CV are currently scheduled for 2007 and 
2008 respectively. 
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Poised for Flight 

Design, development, and current status 



by Scott R. Gourley 


T he imminent “first flight” milestone of the Joint Strike Fighter Conventional 
Takeoff/Landing (CTOL) variant provides an excellent opportunity to 
update the status of the overall program as well as recognize the many 
technical challenges that have been overcome to date. 

“AA-1, our first CTOL variant, is maturing very rapidly,” explained Capt. Wade 
Knudson, U.S. Navy, director of F-35 Air Vehicle. “We just went over 60 months 
since contract award, and we’re going to fly that first airplane in December or early 
in January. 
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“And that AA-1 aircraft is important to us for a number 
of reasons,” he said. “Not only is it important as the first 
flight milestone, but it’s also the key event for us being able 
to award our LRIP [Low Rate Initial Production] 1 contract, 
and that will get us into production with our first two Air 
Force CTOL variants. That’s what was approved in the latest 
defense bill.” 

That planned LRIP award would 
be executed concurrently with con¬ 
tinuing deliveries of additional test 
aircraft under the current System 
Development and Demonstration 
(SDD) phase of the program. 

“Under our production schedule 
right now coming behind that [AA- 
1] aircraft are the next SDD test 
airplanes,” Knudson said. “The first 
five in that line are STOVL [short 
takeoff/vertical landing] aircraft, 
starting at one a month. So we’re 
starting the drumbeat of our pro¬ 
duction line - so we build one a 
month for our first five STOVLs. 

Then we build five CTOL airplanes 
at one a month. Then we go right 
into five CV [carrier variant] air¬ 
craft. Then, after that five-five- 
five, it goes two-two-two. 

“Not all of those aircraft are fliers, though,” he noted. “A 
lot of those are ground test assets; static and durability test 
assets; assets that we use to do things like ‘bend the air¬ 
plane,’ to make sure that the design meets the requirements. 
They will put them in big fixtures and jigs to bend the air¬ 
planes and do things like that. Those planes will also include 
some drop test articles, especially for the carrier variant. 
They will take those and drop them up to the maximum sink 
rates plus some additional margin, to make sure that the 
aviators won’t break the landing gears or the wings when 
they land on a carrier. 

“So, while those are being manufactured for delivery, 
the first AA-1 aircraft will fly in December. Then we’re hop¬ 
ing to fly the first STOVL variant in about May of 2008. It’s 
further behind, of course, and that’s by design. It’s just the 
phased nature of the program.” 

The first flight of the STOVL variant will be used to sup¬ 
port the LRIP 2 decision, which will cover both CTOL and 
STOVL aircraft. 

“We currently hope to go buy six [CTOL] and six 
[STOVL] under that LRIP 2,” Knudson continued. “That’s 
what the language authorized this year for our long lead 


procurement for LRIP 2. And that long lead money allows 
us, a year ahead of our full decision, to go out and buy some 
parts that are hard to manufacture and start that process 
well in advance, so we don’t slow things down. It includes 
things like engine ‘blisks’ and a lot of the special metals we 
need that might be in short supply and high demand.” 


Opposite: Air Vehicle AA-1, the first CTOL variant, at its roll¬ 
out ceremony. Top: The F-16 AFTI aircraft testing at Dryden 
Flight Research Center. The AFTI F-16 tested a prototype 
EHAS (electric hydrostatic actuation system) in advance of 
its use on the F-35. 

Unlike the SDD test aircraft, Knudson characterizes the 
aircraft that will be purchased under the planned LRIP 1 and 
LRIP 2 awards as “actual, no kidding production airplanes 
for the warfighter. 

“So the five-five-five-two-two-two is our test asset 
pool. And then the two in LRIP 1 and six and six in LRIP 2 
will be actual production aircraft. And all of that keeps our 
production line going at that ‘drumbeat rate’ of about one 
aircraft a month,” he added. 

Deliveries for the LRIP 1 aircraft are currently projected 
to begin in late calendar year 2009 or early calendar year 
2010 . 

“And if we keep those production aircraft coming like 
that it helps keep the production line going; it decreases the 
costs; it enhances the learning curve; and it allows us to 
have some concurrency. That concurrency means that by the 
time we finish all of our testing and development, with all of 
the flying qualities and performance testing that we have to 
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do, and we finish all of our block software integration 
development testing in the labs and on the aircraft for air¬ 
borne flight tests; and then wrap it up with operational test¬ 
ing; by the time we finish all of that at the end of our SDD 
period, then the operators will have about 400 airplanes out 
there or so that will be ready to go out and support the 
Global War on Terrorism, training requirements, and all of 
the other things that the squadrons need to be able to do - 
without having to wait to go into production until much later 
in the program,” he said. 

Expanding on the theme of concurrent testing and pro¬ 
duction deliveries, Knudson added, “That concurrency bal¬ 
ance is the way that DoD [Department of Defense] and the 
Congress have chosen to balance and shorten the procure¬ 
ment cycle with this program. And I think that reflects that 
the DoD has chosen to accept a certain amount of risk, 
because we’re doing some concurrent testing that there may 
be some things that require us to go back and fix later. But 
it’s cheaper to go back and fix a few things later than it is to 
have that break in production and then delay getting air¬ 
planes out to the fleet by basically not starting to produce 
our first airplanes until the 2012 - 2013 timeframe. 

“And our allies are already integrated into the test pro¬ 
gram,” he continued. “They’re buying their first production 
airplane in LRIP 3 - I think the United Kingdom, Italy, and the 
Netherlands may all have airplanes in there. They are not 
buying many in those early lots, but they are jumping in 
there and buying their airplanes right beside us. Those air¬ 
frames are exactly the same. They will come off the produc¬ 
tion line the same. The only thing that will be different is the 
flag that will be painted on the tail. And that’s important for 
us in conducting coalition operations in this Global War on 
Terrorism. We want to be able to operate in theater with 
complete interoperability and complete information 
exchange. 

“Now, some countries may have different weapons than 
other countries,” he acknowledged. “We know, for example, 
that we have AIM-9X [“Sidewinder”] while the UK has 
ASRAAM [Advanced Short Range Air-to-Air Missile] as 
their short-range missile. And not every partner who will be 
buying the airplanes have JDAM or JSOW. Even our own 
services have some different weapons. But we will be able 
to implement those weapons and use those weapons, shar¬ 
ing the information gathered by our sensors and integrated 
by the airplane in fusion to be able to share that amongst 
airplanes and coalition partners so that we can prosecute in 
theater together. And it should be transparent, because all 
the airplanes are exactly the same, with the same datalinks, 
the same radios, everything that we need to communicate 
with them flawlessly and seamlessly.” 


Lockheed Martin personnel install ejector racks for the F- 
35’s ordnance inside one of the internal weapons bays. The 
F-35 will be capable of employing a large range of weapons 
manufactured by several partner nations. 


In terms of design and development challenges that 
have been overcome to bring the program to this point, 
Knudson identified several examples. 

“Some of the key things that we’ve overcome are get¬ 
ting through the design, integration, and test of some of the 
key technologies that are new to the airplane,” he said. “As 
an example, those would include our electric hydrostatic 
actuation system (EHAS) - that’s what basically drives the 
flight controls on the airplane. 

“Standard fighter aircraft today have hydraulic systems 
operating their control surfaces, which consist of tubing and 
pipes that run all over the aircraft, usually at 3,000 psi pres¬ 
sure,” he said. “And they go right up to where the control 
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Top, left and right: Manufacturing processes for the F-35 have proven the ability of contractors such as BAE Systems and 
Northrop Grumman to manufacture major fuselage sections that mate perfectly with other assemblies. 


surface is. Then there’s an actuator at that control surface to 
move the stabilizer, or the flap, or the rudder. And in our 
system, although we do still have to have hydraulics to drive 
the landing gear and a few other systems, we’ve made the 
airplane more survivable and lowered aircraft [vulnerabili¬ 
ty] by eliminating a large amount of that hydraulic tubing. 
And now we just have a self-contained unit right at the 
control surface. It’s a relatively big device but it is right next 
to the surface it has to move. It’s powered by an electric 
power system, which then drives its own hydraulic pump 
right there to move the surface. It makes it more survivable 
because, in one of the typical hydraulic systems, if you take 
some hostile fire and get a hole in your hydraulic line, then 
none of your hydraulic systems will work anymore, because 
they’re all off the same pump and off the same system. But 
with our design, if you take a hit to one pump or one sys¬ 
tem the other one on the other side will still be working fine, 
because they are all self-contained and independent units.” 

He added that the JSF EHAS design also provided weight 
savings by eliminating the relatively heavy hydraulic tubing 
and the volume of hydraulic fluid used in conventional 
designs. 

“This [EHAS] has never been done before on any fight¬ 
er aircraft - or on any aircraft as far as I know,” he said, 
adding, “It’s an idea that has been in development and wait¬ 
ing for the technology to mature. It’s a tough challenge 
because they draw a lot of power; so you have to be able to 


get the power there and dissipate the power and the heat 
that comes along with driving those new electronics and 
hydraulics. And all of that is just something that hasn’t been 
possible until today.” 

As another example of a key design challenge that has 
been successfully overcome by the program, Knudson 
pointed to demonstrated manufacturing processes. 

“For example, we have three major manufacturers for 
the airframe,” he said. “We have Lockheed Martin, which, of 
course, has the lead. And we also have BAE Systems and 
Northrop Grumman, each building key components of the 
airplane in different states and out of the country. And each 
of them has their own subcontractors with which they have 
to deal. Lockheed Martin in Fort Worth is building the wing 
and the forward fuselage. So they build, design, and assem¬ 
ble that piece. Northrop Grumman, out in California, is 
responsible for the center fuselage. So they have to get the 
interfaces right so that when they build and assemble that 
piece; do our ducts where the inlet is for the intake; and 
assemble all those spars together, then ship it to Fort Worth, 
the holes line up correctly to attach the parts. Then BAE 
Systems in the United Kingdom is doing the same with the 
aft fuselage and empennage - designing and building those 
parts to the interface design being led by Lockheed Martin. 
And they have to go through all the machining and tooling 
to assemble that, ship it over here, and make sure that those 
parts go together flawlessly. 
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One of the major challenges met in the program has been taking weight out of the 
STOVL version of the aircraft. 


“So getting ‘the digital thread’ 
right to be able to build those air¬ 
planes has been a challenge that the 
program has overcome,” he added. 

Another identified technical 
achievement involved demonstrated 
efficiencies in computerized manu¬ 
facturing for the JSF components. 

“They drilled several thousand 
holes in 36 hours, with no defects, 
using an auto drilling machine,” he 
noted. “And if you had to do that with 
‘touch labor’ it would have taken 
thousands of man-hours to accom¬ 
plish. And the tolerances on building 
the outer mold line, the inner mold 
line, and where the holes are drilled 
are incredibly tight - down to thou¬ 
sandths of an inch - so that when 
they put it all together they don’t have 
to tweak it, bend it, or make any 
adjustments like that. 

“Another key challenge that was 
overcome was achieving the pro- 
ducibility of parts,” he continued. 

“And after SWAT [STOVL Weight 
Action Team], where we had to get a lot of weight off the 
STOVL variant, because it was not going to meet its 
requirements, the team went in, took a hard look at a lot of 
systems, made some design trades, made some require¬ 
ments trades, and looked very hard at our ‘build to’ pack¬ 
ages. And through all of this they managed to get enough 
weight out that now there’s margin to our vertical lift ‘bring 
back’ requirement, which will be extremely beneficial to the 
warfighter.” 


That “bring back requirement” calls for the aircraft’s 
ability to bring back unexpended ordnance while also 
carrying enough fuel to “go around” if the pilot should need 
to do so for any reason. 

“That was one of the primary drivers of SWAT,” 
Knudson said. “It wasn’t going to meet the design require¬ 
ment to bring back two 1,000-pound JDAMs internally. And 
I think the spec requirement is something like bringing back 
two 1,000-pound JDAMs and two AMRAAMs, have two 
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looks at the deck, be able to 
do a 100-mile bingo, and 
then be able to land with 
1,000 pounds of fuel. And 
that’s after completing its 
minimum mission profile of 
like a 450-mile combat 
radius. So it’s a pretty strin¬ 
gent requirement. 

“The other thing that’s 
just amazing is that, for all the 
variants, the combat radius - 
not total distance but radius - 
is pretty spectacular. The 
STOVL, of course, is the 
shortest, because it has a lot 
of space taken up by the lift 
fan that otherwise might be 
used for fuel. But it’s up in the 
‘490ish’ nautical mile range. 

The CTOL variant and CV 
variant are also very good. 

The CTOL has a radius in the 
630 nautical mile range and 
the CV is in the 650 nautical mile range,” he said. 

In comparing these ranges to legacy systems, the JSF 
STOVL presents an approximate 1.8 X range improvement 
over the AV-8B Harrier, the CTOL JSF presents an approx¬ 
imate 2.5 X enhancement over the F-16, and the CV pres¬ 
ents an approximate 2 X enhancement over the F/A-18. 

“And those JSF combat radius ranges are with a full 
combat load with two 1,000-pound JDAMs, two AMRAAMs, 
and meeting all of our stealth requirements for carrying that 
stuff internally,” he noted. 

“Another key challenge was in getting the thermal man¬ 
agement system right in the airplane,” he added. “It’s a sim¬ 
ilar issue with F-22. And it’s just because of the nature of 
the kind of airplane that we are building, that they tend to 
‘heat up’ internally. And we use fuel as a heat exchanger. So 
another big challenge was in not letting that fuel get too hot. 
And again, because of knowledge gained through either 
legacy aircraft or other work being performed at our 
national labs or test facilities. 

“For example, take the EHAS,” he said. “We didn’t fly 
those on any of the ‘X’ airplanes during the Concept 
Demonstration phase. But they did have prototypes that 
they demonstrated on a modified F-16 out at Edwards Air 
Force Base. So, concurrently they were maturing that tech¬ 
nology well in advance of award of the contract. Then many 
of the other things are just general maturation of existing 


The F-35’s AESA (Active Electronically Scanned Array) radar 
provides an advanced, electronically-steered beam far in 
advance of legacy mechanically steered dishes. 


systems that have already been developed or fielded on 
other airplanes.” 

In summarizing the JSF Team’s technical challenges and 
accomplishments to date, Knudson added, “Probably the big 
key was in having a realistic design going in. Although we 
did have our challenge with SWAT, and Lockheed Martin 
would be the first one to admit that they underestimated the 
size of the problem with respect to SWAT - initially. But as 
far as technologies, I think the things that we demonstrated 
during the Concept Demonstration phase provided the right 
level of maturity to bring them forward into SDD so that we 
really haven’t had to face too many other technological 
challenges.” 

While acknowledging that the wings and mechanics of 
the airplane are all very complicated and sophisticated in 
their own right, Knudson was quick to assert, “It’s not going 
to be anything without the sensors and the ability to get 
weapons on target. 

“Our key sensors - namely the AESA [Active 
Electronically Scanned Array] radar, the EOTS [Electro 
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Optical Targeting System], the DAS [Distributed Aperture System], our EW 
[electronic warfare] suite, and our communications/navigation suite, com¬ 
bined with the very smart algorithms and sensors that the guys at Lockheed 
are working on, are not necessarily new, but in many cases represent signif¬ 
icant maturation of those capabilities on a new airframe,” he said. 

“The F-16s and F-18s might have a similar type of radar to the one we 
have,” he admitted. “But ours is just the much newer version. And while a lot 
of the capabilities that we are able to put into it are classified, they are pret¬ 
ty dramatic.” 

Using the sensors and technologies as building blocks of capabilities, 
Knudson continued, “Now take the fusion that you get with the radar, the 
ability of the things it can do as an Active Electronically Scanned Array radar, 
and combine that with the sensitivity of the optics sensors on the airplane. 
These include things like the Distributed Aperture System, which is essential¬ 
ly a defensive array to give us 360-degree coverage to keep us out of bad 
situations and give the pilot situational awareness; and the Electro Optical 
Targeting System with its laser and forward looking infrared to be able to 
track and display targets and use its algorithms to give the pilot more situa¬ 
tional awareness on what sorts of things are out there. And combine that 
with the ability to integrate all of the electronic warfare information that you 
get from all the apertures on the airplane - because bad guys have to trans¬ 
mit, too. So we take all that data and try to fuse it into one big optical/tacti¬ 
cal picture that’s displayed on our PCD [Panoramic Cockpit Display] - which 
is the new term for what we formerly called the Multi-Function Display - our 
8-by-20 inch touch screen display. So it’s like having an HDTV in the cock¬ 
pit with the information and ability to modify displays, customize displays, 
and other sorts of things that are unique to this airplane. 

“Finally, the JSF will have the ability to take advantage of a lot of that tac¬ 
tical information with a 360-degree field of view [that] is going to be dis¬ 
played on our Helmet Mounted Display - a rotationally symmetric visor,” he 
said. “Although we have helmet mounted displays now, none of them display 
the same combination of integrated information that we are going to be able 
to display. In fact, this airplane does not even have a Heads Up Display - and 
it will probably be the first [modern] fighter aircraft that does not have a 
HUD. It’s almost like flying around with a laptop on your head. There’s so 
much information up there if you decide that you want it. It helps with cue¬ 
ing for weapons, for passing information to wingmen. It helps identify bad 
guys for targeting. And it integrates all of the information that the airplane 
presents to you. 

“I think that the level of technology that we have achieved with the inte¬ 
gration of these sensors is unique to this airplane and unique to the world,” 
he concluded. “A lot of airplanes have helped us in the maturation of getting 
to here - starting with the first HUDs in airplanes like F-16s, F-15s, F-18s, 
and airplanes overseas. But the increases in ability to process information by 
computers and to minimize latency in lag times have given us an unprece¬ 
dented ability to be able to integrate this now onto the helmet. That was cer¬ 
tainly a challenge for us, but really to have it within our grasp to be able to 
do so, and to have the size of the displays that we have in the cockpit - 
there’s no other platform out there that’s going to have the same level of sit¬ 
uational awareness that we have today.” 
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Lightning 


A bloodline rich 
in air-combat tradition 

by Robert F. Dorr 


W hen the F-35 was christened “Lightning II” 
at a roll-out ceremony in Fort Worth, 
Texas, last July 7, U.S. Air Force chief of 
staff Gen. T. Michael “Buzz” Moseley said 
the new fighter bears “an honored name.” The official 
who picked the Lightning II appellation, Moseley said 
the name will honor not just one famous fighter of the 
past, but two. 

Many Americans are familiar with the P-38 
Lightning, the classic World War II fighter built by a 
predecessor of today’s Lockheed Martin Corp. 
American airmen supported, maintained and piloted 
10,037 P-38 Lightnings. The twin-engine, twin-boom 
fighters produced America’s top aces, including Medal 
of Honor recipients Majs. Richard I. Bong and Thomas 
McGuire, who were credited with shooting down 40 
and 38 Japanese aircraft respectively. 

The mere utterance of the word Lightning inspired 
young Americans eager to fly. “It was the only plane I 
actually dreamed of piloting,” said retired Lt. Gen. 
Winton “Bones” Marshall, who attained his goal in 
Panama in 1945. 

But the F-35 is not solely an American aircraft: It is 
the work of an international partnership. So the 
Lightning name pays homage to a second, later aircraft 
that also inspired young, would-be pilots: the Cold War 
era’s English Electric Lightning supersonic jet intercep¬ 
tor. Built by a proud aerospace industry rich with tra¬ 
dition, it was the last all-British fighter. In a foreword 
to a 1984 book by Bruce Barrymore Halpenny, English 
Electric/BAC Lightning, Wing Commander Mike 
Streten of the Royal Air Force’s No. 5 Squadron at 
Binbrook called the Lightning “truly ... a thoroughbred 
fighter if there ever was one, following on from the 
great names of the past: Camel, Spitfire and Hunter.” 
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Possibly, some pilot may have both Lightnings in his 
logbook. The American-built Lightning served in small 
numbers in the RAF. The British-built Lightning never joined 
America’s air arm (it was exported only to Kuwait and Saudi 
Arabia). Still, an RAF officer of the right era might have 
piloted both, and an American exchange pilot in the RAF 
could have arrived for duty in a British jet Lightning 
squadron bringing experience in the prop-driven Lightning. 
Too many decades are behind us, now, for any pilot to make 
the F-35 the third Lightning in an operational career. 

The American and British Lightnings enjoyed common 
features - twin engines, a “busy” instrument layout, a daz¬ 
zling rate of climb, good maneuverability, and enormous 
firepower. The two planes also had differences: The P-38 
cockpit was roomy even by generous American standards, 
while the interior of the British Lightning was cramped 
(especially when wearing the infamous “poopy” suit for 
over-water survival), its canopy clearance insufficient for 
tall pilots to see forward past the canopy frame. The 
American Lightning was long-legged; the British Lightning 
plagued by inadequate range. The American Lightning was 


widely perceived as beautiful; the British Lightning a beauty 
only in the eye of the biased beholder. The two aircraft lived 
their lives sequentially, so the story of the two Lightnings is 
perhaps best told that way - one after the other. 

P-38 Lightning 

It was the only U.S. fighter produced from Pearl Harbor 
to V-J Day. It was the plane that crossed vast Pacific dis¬ 
tances to kill Japan’s Adm. Yamamoto. It began as a shiny 
metal machine, like the Dinky toys of the prewar era, wore 
camouflage, and reappeared in natural metal when cele¬ 
brating victory. 

On Jan. 27, 1939, a mere first lieutenant, Benjamin S. 
Kelsey, took the first XP-38 prototype aloft for a 34-minute 
maiden flight at March Field, Calif. The beginning did not last 
long: On a cross-country tour with just 13 hours on the air¬ 
frame, the first XP-38 crashed on a golf course near Mitchel 
Field, N.Y. Kelsey climbed out and walked away. By then, 
production was going into high gear at the Lockheed facto¬ 
ry in Burbank, Calif. 


When first seen at March Field, Calif., in January 1939, the prototype 
XP-38 (aircraft 37-457) did not yet have the features of operational 
Lightning fighters to follow, including exhaust manifold shrouds and a 
nose wheel door. But it already possessed the unique sleekness and 
beauty that made many American youngsters want to become P-38 
pilots. The only ground views of the XP-38 taken before it crashed 
early in the test program were damaged in processing and make the 
aircraft appear to be posing beneath storm clouds. 







U.S. Army photo 





Milestone achieved, and with flying colors. Congratulations 
to Lockheed Martin, Northrop Grumman, and BAE 
Systems on the first flight of the F-35! 
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From the XP-38 to the final P-38M six years later, there 
were few obvious changes to the product of the design 
team headed by Lockheed’s H. L. Hibbard: The twin-boom 
configuration bestowed numerous advantages, providing 
the structure and strength for engines, main landing gear, 
superchargers, and main radiators. A typical P-38 Lightning 
was powered by two 1,600-horsepower Allison V-1710- 
111/113 in-line piston engines and boasted a maximum 
speed of 414 miles per hour at medium altitude. There were 
various combinations of guns up front in the nose of the P- 
38, their field of fire uninterrupted by any propeller. A typ¬ 
ical P-38 had a combat radius of about 1,300 miles, yet 
could operate from unprepared airfields. All of these attrib¬ 
utes suited the Lightning well for Pacific combat. 

Undaunted by Kelsey’s crash, Lockheed began churning 
out YP-38 and P-38 models. A sole XP-38A tested a pres¬ 
surized cockpit, but no P-38B or P-38C was built. Improved 
with self-sealing fuel tanks and minor changes in tail design 
and oxygen system, the P-38D went into production and 
entered service with the 1st Pursuit Group at Selfridge Field, 
Mich., in August 1941. By the time of Pearl Harbor, Burbank 
was assembling P-38Es with improved guns and newer 
propellers; they equipped a dozen squadrons and fought in 
the Aleutians and on Guadalcanal. 

The Royal Air Force initially wanted to bestow the pop¬ 
ular name Atlanta on their version of the P-38. That idea 
mercifully died stillborn. Almost as quickly killed was 
Britain’s plan to equip five squadrons with the Lightning. 
Wildly admired by its American users, the British version of 
the Lightning, without the typical turbosuperchargers, drew 


mixed reactions from British pilots at a time when Britain’s 
own industry was finally building enough fighters. Of 667 
Lightning Mk I and Mk II fighters built, less than half reached 
the RAF - the others relegated to stateside training duty 
under the designation P-322. 

P-38E pilot 1st Lt. Elza E. Shahan became the first 
Lightning flier to contribute to an aerial victory, receiving 
half-credit (shared with a P-40 Warhawk jock) for the Aug. 
14, 1942, shootdown of a German four-engined Focke- 
Wulf Fw 200C3 Condor patrol craft. Soon Lightnings were in 
England and were fighting in North Africa. 

Improved oxygen systems and other minor upgrades 
characterized the P-38F fighter and F-4 and F-5 photo 
reconnaissance versions. “F models” were the first 
American fighters ferried across the Atlantic. 

Improved Lightnings 

The P-38G model, with more powerful engines and a 
revised radio set, entered service in 1942. Some were mod¬ 
ified to become F-5A and F-5B reconnaissance craft. 
Eventually, photo versions of the Lightning reached 33 
squadrons in the Army Air Forces and took photos in every 
theater of the war. Those were not the only images snapped 
from Lockheed’s twin-boom fighter: Photographer David 
Douglas Duncan rebuilt a glass-nosed under-wing fuel tank 
to hold a prone person - himself - and a camera. The 
arrangement offered no escape in an emergency but 
enabled Duncan to take remarkable aerial photographs in 
the Pacific. 


i 
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In that sprawling region of ocean and islands, P-38s 
eventually equipped 26 AAF fighter squadrons. The Pacific 
seemed a perfect battleground for the rugged, long-ranged 
P-38H, P-38J, and P-38L models emerging, now, from 
three U.S. factories. 

In the longest mission yet flown in the war, on April 18, 
1943, the Guadalcanal-based 339th Fighter Squadron led by 
Maj. (later Col.) John Mitchell made a 420-mile round trip 
inspired by the U.S. interception of a coded Japanese trans¬ 
mission. Mitchell’s Lightnings ambushed the Japanese 
bomber transporting the architect of the Pearl Harbor 
attack, Adm. Isoroku Yamamoto. “We traveled all that dis¬ 
tance and arrived right on the money,” participant 1st Lt. 
Roger Ames later said. Although Capt. Thomas G. Lanphier 
claimed to be the Lightning pilot who bagged Yamamoto’s 
Mitsubishi G4M “Betty,” today most historians believe 1st Lt. 
Rex Barber fired the volley that brought down Yamamoto’s 
plane. The U.S. Air Force officially gives half-credit each to 
Lanphier and Barber for the kill. 

In Europe and the Mediterranean, Lightnings were ubiq¬ 
uitous and busy. On the Mediterranean front, F-5 Lightnings 
mapped 80 percent of the Italian mainland before the inva¬ 
sion at Anzio. Also busy was the AAF public relations wee¬ 
nie who conjured the myth that Germans called the plane 
der gabelschwanz teufel (the fork-tailed devil). 

Though it lacked the mix of extreme range and flexibil¬ 
ity that enabled P-51 Mustangs to escort Allied bombers 
deep into the Reich, the P-38 was an effective escort on 
several fronts. Thus, a gunner aboard a Fifteenth Air Force 
bomber, Tech. Sgt. Robert H. Bryson, penned his much- 
quoted prayer and poem “Lightnings in the Sky” (often 
incorrectly called untitled and anonymous) shortly before 
his own death in combat. Bryson’s most memorable passage 


refers to men who wanted company in battle because they 
hadn’t been turned down by their draft boards: 

Sure we’re braver than hell 
On the ground all is swell 
In the air it’s a different story 

We sweat out our track through the fighters and flak 

We’re willing to split up the glory 

Well, they wouldn’t reject us, so heaven protect us 

And until all this shooting abates 

Give us the courage to fight ‘em 

and - one other small item - 

An escort of P-38s. 

From the P-38J model onward (including the all-black 
P-38M night fighter), Lightnings built after August 1943 had 
a distinguishing chin-shaped fairing under each engine to 
enclose the intercooler intakes sandwiched between the oil 
radiator intakes. This freed the wing to accommodate two 
additional 55-gallon fuel tanks, increasing the Lightning’s 
total fuel capacity to 410 gallons. 

The final and best-known combat version of the 
Lightning was the P-38L, with an improved version of the 
V-1710 engine and rocket projectiles under the wings. 
Lockheed manufactured 3,810 “L models” at Burbank, and 
Vultee completed 113 more at Nashville, Tenn. In 1945, 
Lockheed had adjacent production lines in Burbank building 
P-38s and P-80 Shooting Stars, possibly the only time pro¬ 
peller and jet warplanes were assembled side-by-side. The 
Fort Worth plant that will assemble the F-35 Lightning II 
belonged to Consolidated at the time and manufactured B- 
24 Liberator bombers. 



Opposite: This P-38J Lightning (foreground) fighter and F-5B Lightning photo ship are flying 
near the manufacturer's Burbank, Calif., assembly plant in 1943. This page: The first English 
Electric P.1B, aircraft number XA847, on a test flight circa 1958. Unlike the P.1A test ship that 
preceded it, the P.1B was close to the final configuration of the Lightning fighter. It had a 
conical fiberglass center body in the mouth of the engine intake with an instrumentation 
probe, but no radar. 


JOINT STRIKE FIGHTER I 67 




British Lightning 

The English Electric Lightning fighter appeared at a piv¬ 
otal moment in British military history. On April 4, 1957, the 
day test pilot Roland P. “Bee” Beamont reached Mach 1.2 in 
the P.1B prototype, Defense Minister Duncan Sandys 
released the famous White Paper suggesting that manned 
aircraft were unnecessary in warfare - an idea that would 
gain sway again half a century later - and that missiles 
would take over the work of airplanes. 

The P.1B was last in a series of test aircraft that evalu¬ 
ated features we associate with the Lightning - shoulder- 
mounted, 60-degree swept wing, slender fuselage, low-set 
horizontal tail, and twin turbojet engines mounted uniquely 
one above the other. Some viewed the engine configuration 
as a stroke of genius: “You could lose an engine, find your¬ 
self flying on one instead of two, and still have all of your 
thrust on the centerline of the aircraft,” said retired Air Vice 
Marshal William “Paddy” Harbison, who flew Lightnings in 
service. Typically, a Lightning was powered by two 16,360- 
pound thrust Rolls-Royce Avon 301 afterburning turbojet 
engines. 


The Lightning (which received its name officially in 
October 1958) was the work of a design team headed by a 
man considered by many to be a genius - English Electric’s 
W. E. W. “Teddy” Petter, who also gave the world the 
Westland Lysander and English Electric Canberra. 

The era of the White Paper destroyed critical British air¬ 
craft programs - in fact, nearly the entire British military 
aircraft industry - but the Lightning stayed alive. The first 
operational RAF Lightning F. Mk 1 made its maiden flight on 
Oct. 29, 1959. In June 1960, operational Lightnings joined 
RAF No. 74 Squadron at Coltishall. 

Half a dozen versions of the Lightning served the RAF. 
The F. Mk 2 model, with improved Avons, oxygen system, 
and autopilot, first flew on July 11, 1961, and equipped No. 
19 Squadron at Leconfield soon afterward. The F. Mk 3 
model followed, with more powerful Avons and the Red 
Top infrared air-to-air missile, a much-improved version 
of the earlier Firestreak. The Red Top remained the princi¬ 
pal air-to-air weapon after Britain abandoned thoughts of 
adapting the U.S. AIM-9 Sidewinder. The “Mark Three” also 
introduced external fuel tanks not beneath the wings, as on 
most aircraft, but above them (“to jettison them, you had to 
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Opposite: Lightning F. Mk 1 fighters of 74 Squadron over the British coun¬ 
tryside on Feb. 24, 1961. The Lightning’s unique planform is clearly shown 
in this photo. Below: In the two-seat Lightning T. Mk 4, seen here at 
Farnborough in 1958, the fuselage was widened by just under 1 foot. 
Neither pilot sat on the centerline of the aircraft, "a disorienting 
experience," one commented. 


use an explosive device,” remembered pilot Harbison). The 
location of the tanks was an admission that the Lightning’s 
stork-like landing gear precluded hanging anything under¬ 
neath; their existence was a nod to Britain’s need for a 
fighter that could be ferried as far as Malaysia, and was the 
first of many measures aimed at lengthening the Lightning’s 
“legs.” 

In 1966 came the final single-seat Lightning, the F. Mk 
6, with revised wings and a huge belly fuel tank that nearly 
doubled endurance. There were also T. Mk 4 and T. Mk 5 
two-seat, combat-capable trainer versions of the Lightning 
in which “neither pilot sat on the centerline,” recalled 
Harbison, “which was disorienting.” The first production T. 
Mk 4 took to the air on July 15, 1960, and soon reached No. 
226 Operational Conversion Unit at Middleton-St. George. 

Called “pugnacious” by one pilot - a high performer 
with an extraordinary rate of climb, short-legged, like the 
Spitfire and other British fighters before it, the Lightning 
also was dubbed the “Bear Hunter” because it stalked the 
Soviet Union’s huge Tupolev Tu-95 “Bear” reconnaissance 
bombers as they bored southwest through the Greenland- 
Iceland-United Kingdom “Gap.” If the West won the Cold 
War, the Lightning played its part, and it was the equal of or 
superior to virtually all fighters of its own era. Even after the 
introduction of more modern fourth-generation fighters, 
Lightning pilots often came home with images of F-15s and 
F-16s captured on their gun cameras after mock dogfights 
with the newer planes. The Lightning ended its long RAF 
career in 1987 when Squadron Leader John Alderton of No. 
11 Squadron flew the final sortie. 

Forty Lightnings were exported to Saudi Arabia and 12 
to Kuwait. At one time, Britain hoped for further export 
orders, but none came. 

Kuwait’s Lightnings, little flown and poorly maintained, 
accumulated only about 50 flight hours each and quickly 



became museum pieces. In that capacity, however, they 
gave the lie to the oft-published contention that the 
Lightning never saw combat. 

“During the 1991 Persian Gulf War, my squadron mates 
and I bombed the bejesus out of Ahmed Al Jaber air base in 
Iraqi-occupied Kuwait,” remembered U.S. Marine F/A-18C 
Hornet pilot Maj. Jay A. Stout. “We thought we knew that 
base place like the backs of our hands. Yet when I made a 
subsequent training deployment there three years later in 
1994, we found a flight of four Lightnings in a beautiful dia¬ 
mond formation mounted on pedestals not far from the 
main gate. While most of the rest of the buildings on the 
base had some sort of damage from the fighting in 1991, 
these silver beauties didn’t have a scratch on them. They 
were still there when I visited Al Jaber again in 2002.” 

The Cold War and World War II are behind us now, and 
with them the P-38 Lightning and the English Electric 
Lightning, but the career of today’s F-35 Lightning II lies 
ahead. When debate raged over a popular name for the 21st 
century fighter, one name suggested was “Piasa,” a mythi¬ 
cal man-eating bird. “It will take troops five minutes to 
transform that into Piss-Ass,” complained one airman. The 
choice of the Lightning II moniker ensures that the F-35 will 
carry a distinguished bloodline as it flies into the future. 



The Management and staff of Rosebank Engineering wish to congratulate 
the JSF Project Team on the first flight of the F-35 Lightning II. 
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International Instrument 

Building the F-35 in partnership 


By Eric Tegler 



Representatives of 
the countries part¬ 
nering on the JSF 
program surround a 
scale model of the 
F-35 at the Paris Air 
Show on June 15. 

The delegates built 
the model on site, 
adding sections until 
it was completed. 
Each section displays 
the flag of one 
partner country. 


u If you think about a 
coalition that covers 
that much of the globe, that 
can operate fairly seamless¬ 
ly - that is a very powerful 
tool for all the nations 
involved and presents a 
new dimension in warfight¬ 
ing capability." 

The words above are those of 


Brig. Gen. Charles R. Davis, program 
executive officer for the Joint Strike 
Fighter program. The “tool” to 
which he refers is the F-35 


Lightning II. As a platform, it 
offers fifth-generation technology, 


commonality, interoperability, and 
lethality. As a program, it breaks the 
mold for multi-national defense 
projects, injecting competition, 
market logic, and production effi¬ 
ciency into a process historically 
hobbled by conflicting strategic and 
political interests. 

The global infrastructure that 
the JSF program will erect, the 
technology it will share, the busi¬ 
ness development it will spur, and 
the relationships it will cement make 
it a unique instrument of interna¬ 
tional policy. As Davis said in 
September of 2006, “We are finding 
out that the F-35, a tool of the 


Department of Defense, is becoming 
a tool of the Department of State. 
We are only beginning to think 
about what it brings to our partners 
and allies.” 

A Proclivity to Partner 

Since its inception, the JSF pro¬ 
gram has been synonymous with an 
imperative to meet U.S. Air Force, 
Navy, and Marine Corps tactical avi¬ 
ation requirements with a single 
platform. The intention was self 
evident in the name - Joint Strike 
Fighter. Yet the instant understand¬ 
ing conveyed by the JSF moniker did 
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not initially extend to the internation¬ 
al aspect of the program. Make no 
mistake, however - the framers of the 
effort that has yielded the first flyable 
F-35 intended the concept of “joint¬ 
ness” to stretch beyond our borders. 

The origins of the JSF program lie 
in a group of multi-role tactical air¬ 
craft acquisition programs floated in 
the late 1980s and early 1990s. By the 
mid-’90s their collective concepts had 
been merged into the Joint Advanced 
Strike Technology (JAST) program, an 
effort established to mature technolo¬ 
gies, develop requirements, and 
demonstrate concepts for affordable 
next-generation joint strike warfare. 
As JAST moved to the Concept 
Demonstration Phase (CDP) in 1996- 
97, the program was rechristened as 
JSF. 

Though still in its nascent stages, 
JSF was already international. It had 
gained such status with the absorption 
of the Advanced Short Takeoff/Vertical 
Landing (ASTOVL) program in 1995, 
which brought with it strong U.S.-UK 
collaboration. Expanded partnership 
would come several years later 
through the JSF Security Participation 
concept, which led to the participation 
of the Netherlands, Italy, Canada, 
Turkey, Denmark, Norway, and 
Australia in the Systems Development 
and Demonstration (SDD) phase start¬ 
ing in 2002. 

But even before JAST absorbed 
ASTOVL, international collaboration 
was envisioned for a fifth-generation 
strike fighter, reveals Jon Schreiber, 
JSF program office director of inter¬ 
national programs. 

“When the program first formed in 
1994, Dr. Paul Kaminski [former 
Undersecretary of Defense for 
Acquisition and Technology] was 
National Armaments Director, and he 
asked for a look at the participation of 
international partners as early as pos¬ 
sible. When we became JSF a couple 


years after the JAST program formed, 
we put together a business strategy to 
bring them in.” 

Bring them in the JSF team did. The 
strategic, diplomatic, and industrial 
logic of the F-35 was too attractive to 
pass up, and it continues to be com¬ 
pelling. As of this writing, all eight 
international partners are expected to 
sign a memorandum of understanding 
(MoU) to continue participation in the 
next phase of the program 
(Production, Sustainment, and Follow- 
On Development - PSFD). To under¬ 
stand their willingness to do so and 
the challenges overcome to gain their 
signatures, we need to be reminded of 
why they joined JSF in the first place. 

Coming Aboard 

Upon formally joining the SDD 
phase of the JSF program over a peri¬ 
od from January 2001 to June 2002, 
the eight countries participating 
agreed to invest a total of over $4 bil¬ 
lion over 10 years. Their motives were 
individually unique and remarkably 
common. 

For the SDD phase, they were cat¬ 
egorized in three levels consistent 
with their financial contributions to the 
program. (The upcoming PSFD phase 
will make no such distinctions, its 
approach being a partnership of 
equals.) While the levels at which each 
partner joined generally mirrored their 
length of involvement and technical 
contributions, they also reflected the 
political backdrop in each country and 
the expected potential benefits partic¬ 
ipation would bring. In every case, a 
mixture of national requirements/aims 
and international priorities brought 
the partners aboard. 

Great Britain was the first to for¬ 
mally sign the MoU, joining the SDD 
phase on Jan. 17, 2001. The UK’s sig¬ 
nature represented strong interna¬ 
tional affirmation of the JSF concept 


despite final prime contractor selec¬ 
tion not being complete at that time. In 
addition to a sort of symbolic “vote of 
confidence,” it represented a continu¬ 
um of the U.S.-UK collaboration on 
the project. The UK’s contribution of 
approximately $2 billion to SDD makes 
it the most invested JSF participant, 
giving it sole “Level I” partner status. 

At the SDD MoU signing ceremony, 
then-UK Minister of State for Defense 
Procurement Baroness Elizabeth 
Symons said, “Our commitment today 
to the JSF program shows that we 
continue to consider the JSF super¬ 
sonic aircraft, with all its stealth tech¬ 
nology, its multi-role capability, as the 
most cost-effective means to meet 
our requirements.” 

The UK’s military requirements for 
the F-35 stem from its need to replace 
its aging (and now partially retired) 
Harrier GR.7 and Sea Harrier fleets. 
The Harrier variants have been essen¬ 
tial for British power projection and 
coalition campaigns as they have 
operated from the country’s light air¬ 
craft carriers. The UK is seeking to 
maintain its power-projection capa¬ 
bility with the construction of two new 
aircraft carriers (HMS Queen 
Elizabeth and HMS Prince of Wales), 
which are tentatively set for service 
introduction in 2012 and 2015. 

Though signing the PSFD MoU 
does not commit international part¬ 
ners to purchase the Lightning II, it 
does include clauses that explain how 
many aircraft, what variants, and the 
years in which a partner would poten¬ 
tially acquire the F-35. Britain is 
expected to buy up to 138 examples of 
the aircraft. Until recently, these were 
thought likely to be F-35B STOVL 
variants, but the proposed conven¬ 
tional takeoff and landing configura¬ 
tion of the country’s new carriers has 
raised the possibility of a mixed buy 
of F-35B as well as F-35C carrier 
versions. 
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The first country to sign 
the MoU, Great Britain 
joined the SDD phase of 
the JSF program as a 
Level I partner in 2001. 


In addition to meeting its 
operational needs, the UK 
(like all the international 
partners) views participation 
in JSF as both an opportuni¬ 
ty to acquire a stealthy plat¬ 
form and further develop an 
understanding of stealth 
design and construction in 
the process. Technology 
transfer is, as importantly, a 
two-way street with Great 
Britain, which has con¬ 
tributed significantexpertisei 
STOVL design and execution. 

The industrial/economic 
benefits for Britain are 
viewed as large and mean¬ 
ingful, particularly since BAE Systems is a principal industri¬ 
al partner to prime contractor Lockheed Martin, along with 
Northrop Grumman. The UK’s already sophisticated aero¬ 
space sector will gain from technology transfer, the value of 
contracted work it is expected to win, and its subsequent 
ability to award subcontracts both inside and outside the 
country. In July of 2006, BAE Systems announced the signa¬ 
ture of Letters of Intent for F-35 low rate initial production 
(LRIP) of empennage and tooling services with Canadian, 
Australian, and Danish tooling and aiframe suppliers. 

Another fruitful vein of work for the UK and its partner 
suppliers lies in the development and production of the 
recently green-lighted F136 engine program in which 
Rolls-Royce Aerospace is partnering with General Electric 
to offer a secondary, interchangeable alternative to the 
Pratt & Whitney-developed F135. Rolls-Royce is also sub¬ 
contracted to Pratt & Whitney on the F135 to provide the 
LiftFan™ system for the F-35. 

Not surprisingly, the UK is also looking for a significant 
role in F-35 sustainment and follow-on. UK officials are 
considering a final assembly and checkout facility (FACO) as 
well as a maintenance, repair, and upgrade (MRU) center. 
The Royal Air Force has plans to base its F-35s at RAF 
Lossiemoth in Scotland, and an MRU would likely be located 
there as well. The plans have yet to go beyond the evalua¬ 
tion stage, but the economic impact of in-country final 
assembly, maintenance, and upgrade facilities makes JSF 
acquisition that much more attractive, while raising ques¬ 
tions about the program’s over-arching Performance- 
Based Logistics (PBL) scheme. 

Italy is one of two Level II SDD partners and is con¬ 
tributing approximately $1 billion to this phase of the 


program. Its involvement in JSF stretches back to 1998 and 
the Concept Demonstration Phase, during which it partici¬ 
pated in an evaluation of ship suitability and associated 
environmental studies. Italy’s experience with U.S. tactical 
aircraft is extensive. Like many of the international partners, 
the Italian Air Force currently operates an F-16 fleet. 

Like the UK, Italy has been able to make interesting 
baseline comparisons, since it operates the Eurofighter 
Typhoon. The country’s decision to diversify its acquisition 
of late-generation tactical aircraft has been seen as a sig¬ 
nificant endorsement for JSF and a sign of the strong U.S.- 
Italian diplomatic and strategic relationship. 

Italian Secretary General of Defense and National 
Armaments Director Admiral Gianpaolo Di Paola signed the 
SDD MoU on June 24, 2002. He affirmed Italy’s belief that 
“the Joint Strike Fighter will boost our joint capabilities to 
conduct and support coalition operations both within NATO 
and also, if the case arises, in the European framework.” 

Italy’s strategic requirements call for replacing the F- 
16s it currently leases from the United States with the F-35 
as a strike platform to complement the Typhoon, which it 
envisions tasking largely with air defense/air superiority 
missions. No hard numbers have been committed, but Italy is 
expected to buy somewhere in the region of 100 F-35s. 
With Lightnings tentatively destined for the Italian navy and 
for the country’s air force, a mix of conventional takeoff F- 
35As and STOVL F-35Bs is under consideration. 

Stealth is high on the list of items of technological inter¬ 
est to Italy, as are production processes and execution, 
given Italy’s ambition to have its own final assembly line. 
The promise of indigenous final assembly capability is but 
one aspect of the JSF program that appeals on an industrial 
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level. Italian airframer Alenia would gain significantly from 
the establishment of such a facility, which may be estab¬ 
lished at Cameri airbase, pending negotiations between 
Lockheed Martin, Alenia, and the governments involved. 

Italy has particular expertise in defense electronics, with 
native contractor Finmeccanica engaged in projects 
throughout Europe and elsewhere. The possibility of estab¬ 
lishing a maintenance and upgrade facility within its borders 
is under review by the Italian government as well, giving JSF 
planners more to orchestrate with respect to technology 
transfer. With F-35 and Eurofighter research, development, 
and production simultaneously under way, Italy is investing 
considerable resources in its tactical aircraft fleet, but 
reaping considerable technological and economic rewards 
as well. 


Left: Italy signed the SDD MoU 
as a Level II partner in 2002. 
Left, below: On June 11, 2002, 
Turkey signed on to the SDD 
phase of the JSF program as a 
Level III partner. 

A second Level II SDD 
partner was realized with the 
Netherlands’ official participa¬ 
tion in the program on June 17, 
2002. Dutch involvement in 
JSF reaches back to 1997, 
when it first expressed serious 
interest in evaluating the pro¬ 
gram. The country conducted 
rigorous analyses for 30 
months and identified the JSF 
as a greater value than exist¬ 
ing competitors. 

The Netherlands’ commit¬ 
ment of $800 million sent 
another powerful signal to the 
international community that 
the F-35 represented the most 
effective and cost-efficient 
strike platform in develop¬ 
ment. As the Netherlands’ 
Secretary of State for Defense 
Henk A.L. van Hoof remarked 
at the signing ceremony, “The 
Netherlands will invest $800 
million in the program, which 
is a very large amount, espe¬ 
cially for the preferably eco¬ 
nomical Dutch. The decision 
wasn’t taken overnight ... for 
the Netherlands JSF has the 
best credentials without a 
shadow of doubt in all aspects, 
both operational as well as to 
price and cost.” 

Secretary van Hoof added the highly salient observation 
that JSF has more European partners than any other 
program. 

Along with the UK, the Netherlands is scheduled to be 
the first to receive the F-35, in the 2011-12 time frame. The 
country will then begin replacing its inventory of over 150 
F-16s with the Lightning, which will serve a dual air defense 
and strike purpose, much as the Viper did. (A Dutch F-16 
shot down the first MiG during the Kosovo campaign.) The 
Dutch are thought to be in line to buy as many as 85 F-35s, 
all expected to be conventional F-35As. 

The Fokker plant in Holland assembled F-16s from 1978 
to 1990, but with the company’s demise, the country lost its 
only full integrator. Nonetheless, Dutch aerospace firms 
have remained competitive, focusing on materials and 
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knowledge engineering as well as sophisticated maintenance and logistics 
support. Dutch firms like Stork Aerospace are key suppliers to international 
consortia, including Airbus. 

The areas of low observable structures and power plant design/mainte¬ 
nance are of particular interest to the Netherlands, which is leveraging its JSF 
participation to boost its standing as a maintenance, repair, and overhaul 
(MRO) hub in Europe. The country has a broad initiative called the 
“Maintenance Valley,” which sees it as a major player for maintenance of air¬ 
craft and other knowledge-intensive capital goods. Dutch firms have report¬ 
edly received orders worth $700 million arising from SDD participation. 

Turkey signed on for SDD on June 11, 2002, pledging $175 million to the 
program and becoming a Level III partner. Though its financial contribution is 
not of the magnitude of the Level I/ll partners, Turkey’s participation, which 
began during the CD phase in 1999, is more symbolically (and concretely) 
relevant than ever before. The country’s geographic and cultural position at 
the crossroads of Europe and the Middle East make it a vital strategic part¬ 
ner and an important example of the harmonization of Western and Eastern 
values. 

Turkish Under Secretary for Defense Industries Dr. Ali Ercan stressed the 
increasingly important relationship between his country and the United States 
upon signing the SDD MoU, adding that Turkish aerospace and technology 
companies were prepared to take on significant advanced work for the pro¬ 
gram. Turkey possesses significant expertise in precision machining and 
experience rooted in co-production programs for the F-4 and F-16. The 
country has also developed increasingly sophisticated systems-integration 
capability and has nurtured firms that are now key suppliers for a variety of 
commercial aviation and multinational military projects. 

Col. Fethi Alpay, the Turkish National Deputy assigned to the JSF Program 
Office in Washington, confirms that his country’s military requirements turn 
on modernizing its strike capability. As such, it is principally interested in the 
F-35A conventional variant and is expected to procure approximately 100 
aircraft. 

“Our goal is to make sure our future-generation aircraft can take the 
place of our F-16s and F-4s. Of course, there are two sides to the project - 
one is military, the other is international participation. It’s important for us to 
continue our strategic relationship with the U.S.A, and we expect good par¬ 
ticipation with Lockheed Martin.” 

Turkish defense contractors Alp Aviation and KaleKalip were among the 
nation’s first to display their competitive credentials in JSF, with the award of 
contracts from F135 engine integrator Pratt & Whitney in June 2005. The two 
firms will manufacture key components for the engine that must mesh seam¬ 
lessly with the myriad other pieces in its design. 

The ability to fit these components into a functional “whole” yields ben¬ 
efits not unlike those that arise from the interoperability of the F-35. The 
industrial synergies of JSF are crucial to Turkey as a long-standing NATO 
member and an aspirant for European Union membership. 

Canada became a Level III SDD partner on Feb. 7, 2002, investing $150 
million in the program. A participant in the CD phase beginning in 1998, 
Canada’s close ties with the United States and contiguous borders make it a 
logical international partner. Long-established ties between the U.S. and 
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Canadian militaries have bolstered North American security 
through cooperative agreements and agencies like NORAD. 

Canada’s F/A-18s are scheduled to remain in service 
through 2017. Krista Hannivan, assistant deputy minister for 
public affairs at the Canadian National Defense Department, 
affirms the Canadian Forces’ interest in both the CTOL and 
carrier variants of the F-35. The Canadian government has 
not publicly quoted the number of F-35s it will consider 
acquiring and, like the other partners, is not bound by SDD 
participation or its likely PSFD participation to buy any of the 
aircraft. However, the level of Canada’s industrial involve¬ 
ment suggests JSF acquisition is a good bet. 

The logic of partnership extends to Canadian technical 
expertise, the by-product of its aerospace sector, which is 
the world’s fourth largest. Its strengths are in high-speed 


machining, composite manu¬ 
facturing, simulation and 
training, and other areas. 
Canada has been one of the 
most proactive partners in 
terms of identifying and 
securing opportunities to 
compete for JSF business, and 
some 60 of its aerospace firms 
are already engaged in work 
on the program. Many enjoy 
preferred-supplier status with 
Lockheed Martin and the 
industrial principals. 

The F-35’s autonomic 
logistics and low observable 
technologies are of greatest 
interest to Canada, which has 
made known its desire, like the 
UK and Netherlands, to devel¬ 
op an indigenous JSF MRO. 
The program’s value to 
Canada as part of a coalition 
approach to security policy 
is self-evident, Hannivan 
maintains. 

“Participation in the JSF 
program will ensure greater 
interoperability with our allies 
which will, in turn, further 
enhance Canada’s ability to 
participate in future coalition 
operations,” he said. 

Australia joined the SDD 
group on Oct. 31, 2002, putting $150 million into the pro¬ 
gram. It is thus far the only Asia/Pacific nation to actively 
participate in the program, though Singapore is part of the 
Security Cooperation Participation agreement. 

The Royal Australian Air Force (RAAF) is looking to 
replace its aging Harpoon-capable F-llls and newer F/A- 
18s. Currently, the Australian government envisions a buy of 
approximately 100 F-35s set for service in the 2012-14 
time frame. The country’s geographic situation sets some 
marginally different imperatives for a new tactical aircraft, 
as Australian National Deputy to the JSF Program Office, 
Group Captain Michael Smith, explains. 

“Range is important for Australia. One of our current 
operating roles for our air combat aircraft is maritime strike, 
the ability to engage maritime targets. We’ll be looking for 


Left: Canada bacame a Level 
III SDD partner in 2002, con¬ 
tributing $150 million to the 
program. Left, below: 
Denmark’s participation in the 
SDD stage of the JSF program 
was confirmed in 2002, with 
Danish firms contributing $20 
million of the nation’s $125 
million contribution. 
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that capability in the F-35. We’ve already made the decision to acquire a 
multi-role tanker [Airbus’ A330 MRTT], which will transfer nicely to our JSF 
option.” 

Affordability is a key issue for Australia, as for all the partners. Cost con¬ 
trol has been a priority for the JSF program since day one and is reflected in 
its PBL philosophy. Current PBL logic sees the placement of a regional repair, 
upgrade, and training center in Australia. The idea sits well with Australia’s 
aerospace industry, which recognizes the value of a long-term MRO facility 
in its midst. Australian firms have already been awarded contracts for every¬ 
thing from manufacturing airframe components to providing speech-recog¬ 
nition software. 

“Industrial participation is a key component of our decision to go down 
this replacement path,” Smith affirms. “Lockheed Martin is working hard with 
Australian government and industry to develop work on a competitive basis.” 

Denmark’s $125 million contribution to SDD was confirmed on May 28, 
2002, and represents an interesting partnership between the country’s citi¬ 
zens and private industry. Danish firms put up approximately $20 million of 
the total, affirming their confidence in the opportunities provided by JSF and 
their ability to compete for business. 

Danish Deputy Secretary of State for Defense and National Armaments 
Director Jorgen Hansen-Nord allowed that “The Danish defense industry may 
be small in size, but I believe that they are great in performance and great in 
quality. They know very well that they will have to be competitive and to 
excel to get their share of the work, and they have promised me that they are 
ready for that.” 

Denmark is looking to the F-35 as a replacement for its F-16s, seeking a 
more advanced combination of strike and air defense capability. The Danish 
government has so far remained silent on the number of F-35s it might 
acquire, but the size of its current F-16 fleet suggests it might purchase as 
many as 80 CTOL versions of the fighter. 

Danish participation in JSF began during the CDP in 1997, and its decision 
to participate as an SDD partner likely influenced its neighbor, Norway. 
Though small, the Danish defense industry has increased its turnover by 50 
percent over the last five years, with expertise in aero structures, integrated 
systems, radar, and electronics. Its largest contractor, Terma A/S, was 
recently awarded a contract to provide conventional edges for the F-35’s 
horizontal stabilizer to Lockheed Martin. 

Norway is one of several JSF partners that has seriously evaluated and 
marginally participated in the Eurofighter program. It signed on as a JSF Level 
III SDD partner on June 20, 2002, contributing $125 million for the opportu¬ 
nity to take an early position to replace its F-16s and for the potential growth 
JSF involvement could deliver to its small aerospace sector. The country con¬ 
tinues to evaluate the Eurofighter Typhoon and Saab Gripen as possible F-16 
replacements. Norway currently operates about 60 F-16s, so a potential JSF 
buy might comprise 40 to 60 aircraft, most likely conventional F-35A 
variants. The country’s short, often snow-covered runways may make the 
STOVL F-35B attractive as well. 

Norwegian industry has succeeded in gaining JSF work (its Volvo Aero 
Norge was the first local contractor to win business, providing low-pressure 
turbine shafts for Pratt & Whitney’s F135 engine) and Lockheed Martin has 
made serious efforts to help nurture smaller Norwegian firms that are rising 
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Norway signed on as a 
Level III SDD partner to 
the JSF program on 
June 20, 2002. 



to the level of competi¬ 
tiveness needed to win 
more JSF business. 

The combination of 
an affordable, potent 
weapons system and the 
opportunity to develop 
aerospace business in a 
competitive setting has 
drawn the international 
partners to the JSF pro¬ 
gram. Though not full 
participants, Singapore 
and Israel have taken 
“observer” positions 
through the SCP concept. 

As with any multinational 
undertaking this complex, 
there have been chal¬ 
lenges. It is a credit to the 
JSF government/military/contractor team that most have 
been overcome and that the next phase (PSFD) of the pro¬ 
gram will likely go forward with all of the current SDD 
participants. 

The Long Haul 

The next phase of the JSF program, the so-called 
Production, Sustainment and Follow-On Development 
(PSFD) phase, will set parameters for production, aftermar¬ 
ket support, and upgrades for the Lightning for the next 
three decades or more. Getting all nine partners to the table 
to sign the PSFD Moll has been the aim of the JSF program 
office and its director of international programs, Jon 
Schreiber. 

Resolving issues related to technology transfer, the 
performance-based logistics concept, and conflicting tech¬ 
nical requirements has been challenging enough, Schreiber 
admits, more so because the participants have had to agree 
to PSFD parameters as a group. 

“The biggest challenge is that when we negotiated the 
SDD Moll it was basically done bilaterally. For the PSFD we 
didn’t do that. We negotiated at the table together. The 
biggest challenge in drafting the text was getting nine dif¬ 
ferent sets of eyes on each word and agreeing that that was 
the proper way to say it or address the issue.” 

One of the hallmarks of the JSF program is its competi¬ 
tively-based production scheme, wherein industrial tasks 
are assigned to the suppliers who can most effectively and 


cost-efficiently fill them. Partner-nation contractors are 
given the opportunity to compete for business with the 
primes, but there are no guaranteed “workshares.” 

“All past programs were based on offset arrange¬ 
ments,” Schreiber explains. “If a country was to invest in a 
U.S. program or buy a U.S. item, they would require offsets. 
We determined that offsets are economically artificial. At the 
end of the day, the [buyer] pays for the offsets and it does¬ 
n’t buy them much. When the production run is over, they 
basically close up shop and there’s nothing to do.” 

Schreiber and his JSF colleagues decided to take a dif¬ 
ferent approach, leveraging foreign technology and open¬ 
ing as much of the program as possible to competitors out¬ 
side the United States. The goal was to reap the benefits of 
a competitive cost and technology environment. 

“We initially met a lot of resistance to the idea from the 
SDD partners we were negotiating with,” Schreiber reveals. 
“They were used to the offset regimen and getting things 
handed to them. But I think we convinced them they and 
their companies would be better off if they competed for 
work on a best-value basis. They’d have to sharpen their 
pencils and become competitive on the world market. We 
thought that some of them had actually lost their competi¬ 
tiveness because they were used to handouts over the 
years.” 

It is likely that years from now the JSF framers will be 
credited for sticking to their guns. The concept of perform¬ 
ance-based contracting accepted in theory by the interna¬ 
tional partners required some adjustment in reality. 
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“Even though these countries signed the Moll,” the JSF 
director of international programs recalls, “and they under¬ 
stood the program would be based on best-value competi¬ 
tion, the initial bids we got from many of the international 
suppliers were three to four times bigger than what our U.S. 
suppliers were able to build the same part for. They found 
out after the first six months that they weren’t going to get 
theirs. They need to become competitive, and they have. In 
the last year-and-a-half, they have been very successful in 
winning their share of the work.” 

Because of the F-35’s many advanced technologies, 
including stealth, technology transfer has been a major issue 
for the international partners who, logically, want guaran¬ 
tees that they will have sovereign capability to operate, 
maintain, and support the Lightning. Schreiber says he’d 
have exactly the same concerns if he were in their shoes. 
That’s why the JSF program has worked proactively to get 
the Washington disclosure community to make technology- 
transfer decisions earlier than they have in the past. 

“Even though it’s never to the satisfaction of everybody, 
I think we’ve made strides in getting what we needed, when 
we needed it, to get the parties to the signature table.” 

The main PSFD document addresses much of the tech¬ 
nology-transfer issue and is augmented by bilateral annex¬ 
es with individual nations. Technology access is inextricably 
linked with the desire of some partners to have their own 
MRO and upgrade capability as described above. In some 
cases, however, such desires create unnecessary redundan¬ 
cy. JSF’s autonomic logistics and global sustainment strate¬ 
gy - honed by sophisticated computer modeling - envisions 
regional repair/upgrade centers in Europe, North America, 
and Australia. Reconciling the strategy with individual part¬ 
ner ambitions has proved delicate but doable, Schreiber 
maintains. 

The program office has in effect asked its partners to 
consider whether current U.S. disclosure policy will prohib¬ 
it them from effectively reaching their MRO goals and if 
there is a real business case to support the investment 
needed to build MRO infrastructure. 

“We’ve told them that if they want to make that 
investment, we think we can work it from a national disclo¬ 
sure standpoint. If it fits into the global support solution 
we’re currently defining, we’ll take advantage of the invest¬ 
ment they’ve made. If it does not turn out to be the best 
value for the collective good of the partnership, then it will 
be a unique cost that they will bear through the life of the 
program.” 

A final point about technology transfer is that the par¬ 
ticipation levels defined in the SDD phase of the program 
will have no impact on technology access during PSFD. No 


such distinctions will be made, and transfer issues will turn 
solely on independent evaluations based on normal disclo¬ 
sure guidelines. 

Despite consistent media focus on possible obstacles to 
JSF partnership, Schreiber points out that the program is 
moving forward largely as forecast. The reason, he main¬ 
tains, is that the partners like the program and the product. 

“If you talk to the warfighters in each of the countries - 
the pilots, the MoDs - they understand that this is the only 
fifth-generation fighter available in the world today. They 
understand that this is the first time the United States is will¬ 
ing to export a stealthy aircraft. They understand the bene¬ 
fits of interoperability for future coalition warfare. The 
biggest positive is the aircraft itself.” 

As good as the Lightning 
will be, there is also global 
recognition that the JSF 
program is a potential tem¬ 
plate for future multi¬ 
national projects. 

“I’ve been briefing other 
program offices on our 
international business strat¬ 
egy and why it works for 
us,” Schreiber says. “We’re 
recognized as the model 
international program right 
now. Other companies and 
entities are coming in and 
asking us what we did, why 
we did it, what’s working 
and what’s not.” 

As Davis’ words made 
clear at the beginning of this 
article, JSF has been a bridge 
between countries and within the United States. 

“Until the JSF program came around,” Schreiber con¬ 
tends, “there was a bit of a strained relationship between 
DoD and the State Department. Now, as far as the Joint 
Strike Fighter is concerned, the State Department and DoD 
are speaking with one voice.” 

Perhaps the most interesting indirect endorsements of 
the JSF program come from sources outside the program. 
Schreiber recounts picking up a copy of Defense News 
about a year ago and reading a piece on Russia’s efforts to 
launch a fifth-generation fighter. 

“It was amazing what the Russians said in this article 
that paralleled our business strategy. People are watching, 
paying attention, and trying to emulate what we’re doing, 
because it’s working.” 


As good as the 
Lightning will 
be, there is also 
global recogni¬ 
tion that the JSF 
program is a 
potential tem¬ 
plate for future 
multi-national 
projects. 
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Persistent Force 


A look at the USAF variant F-35 with Air Combat 
Command's Gen. Ronald E. Keys 




By Eric Tegler 


T he F-35 Lightning II is the most sophisticated multi-force, multi¬ 
national common weapons system ever created, designed to 
defeat the most formidable adversaries. Perhaps the greatest 
challenge the aircraft will face, however, is fitting into the oper¬ 
ational environment and meeting the particular requirements of each of its 
masters. 

No operator will expect more of the Lightning II than the U.S. Air Force. 
For insight into the USAF’s plans and expectations for the F-35, we spoke 
with USAF Air Combat Command (ACC) Commander Gen. Ronald E. Keys. 
Keys is responsible for organizing, training, equipping, and maintaining 
combat-ready forces for rapid deployment and employment while ensur¬ 
ing strategic air defense forces are ready to meet the challenges of peace¬ 
time air sovereignty and wartime defense. ACC operates more than 1,100 
aircraft, 25 wings, 15 bases, and more than 200 operating locations 
worldwide, with 105,000 active-duty and civilian personnel. 

In addition to leading the USAF’s chief power-projection command, 
Keys is an experienced warfighter in his own right, having commanded a 
fighter squadron, three fighter wings, the USAF’s Fighter Weapons School, 
the 16th Air Force, and Allied Air Forces Southern Europe. Over his career 
he has amassed more than 4,000 hours flight time in the F-4 Phantom, F- 
15 Eagle, A-10 Thunderbolt II, and F-16 Fighting Falcon. Keys’ committ¬ 
ment to ensuring the F-35 will cost-effectively meet the USAF’s needs far 
into the future is 100 percent, and his view of the challenges and advan¬ 
tages of the new aircraft is tempered by 40 years of experience. His 
answers to a figurative “20 questions” about the F-35 are candid and 
enlightening. 
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The Air Force variant of the F-35 Lightning is expected to 
fulfill the roles and missions currently executed by the F-16 
and the A-10. 




What roles and missions does the Air Force envi¬ 
sion for the F-35? 

Keys: Look at the F-16 and the A-10. Those are the 
airplanes it’s going to replace, so those are the missions I 


expect it to do and do very well. That’s everything from air 
interdiction to CAS (close air support) to SCAR (strike coor¬ 
dination and reconnaissance), the entire list. This is going to 
be a replacement for our F-16 and we’ve broadened that 
into just about every mission we have. It will replace the 
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A-10 so obviously, it’s going to have to be big into CAS. 
Some of the important things on the airplane are its ability 
to sense the environment, its ability to get into the net and 
be part of a larger force, the ability to communicate with 
land forces. Those are the kinds of things we’re buying it for. 


As commander of Air Combat Command, Gen. Ronald E. Keys, 
pictured here answering questions during a press confer¬ 
ence to announce the F-22A Raptor’s initial operating capa¬ 
bility, has been involved in making sure the F-35 will have 
the capabilities necessary to meet the Air Force’s mission 
needs. 


Given your experience, you'd naturally take a hard 
look at those capabilities. 

I have. I’ve been out to the [Ft. Worth] plant and I’ve 
seen the sensors. I’ve seen what they can do and what we 
can do in the future. When you buy an airplane, you always 
buy the Block 10 and there will come a time 30 years down 
the road when we’ll have a Block 50, just like we did with 
the F-16s, F-15s, and even the A-lOs. We’re about to move 
into the A-10C era with newer avionics and making it more 
net-centric. I keep an eye on that because, in some cases, 
there are trades to be made. 

There are financial trades. You can have this but it’s 
going to cost a lot more than you thought it would. Then 
your ardor cools and you say, ‘Maybe I can do that in a dif¬ 
ferent way?’ Or, you get into a technical corner where it’s 
not going to be that expensive but we don’t know how to 
do it right now. You have to make the right trades. This is 
going to be our persistent force for the future. Thirty years 
down the road, this will be the force that will be with us in 
large numbers. The F-35 will help airplanes like the F-22, 


the B-2, and the next generation long-range strikers pen¬ 
etrate that initial day’s integrated air defense and start tak¬ 
ing it down. Then it becomes a persistent force and we put 
racks on it and it carries a bigger load. It will be on many 
more missions than some of the other airplanes will be. So, 
we have to protect the ability to grow into a mission or a 
sensor or a capability. 

How actively have Lockheed Martin and the pro¬ 
gram office consulted with you and the users at ACC? 

We think that over the last year or so [2005-06], we’ve 
gotten into the right decision groups. It’s very easy in any 
program for the effort to be programmatically managed - 
you give up things to keep the program whole, but they 
might not be things that we’re willing to give up. Or, I may 
be willing to just write something off and not try and recov¬ 
er it. We have a good discussion ongoing with the SPO [sys¬ 
tem program office], the PEO [program executive office], 
and the company. One of the big concerns we have are 
technological hurdles we have to get over, and I’m in the 
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"The advantage of 
these two airplanes is 
not only that they are 
great performing aircraft 
which carry weapons 
of great precision, 
they also are great 
intelligence 
gatherers." 


middle of those kinds of 
things. If we have to 
make a decision, I have an 
opinion. If we make a tradeoff, 
can we get it back later on? We 
may just say, leave a place where I 
can plug it in and move on. 

I spend a lot of time with the senior 
company officials talking about cost growth. 

That’s always an issue. Part of it can be driven by 
me not being careful with my requirements. Every 
time I change a requirement, it could drive a cost. I 
need to know what that cost is before I say, okay, I can 
stand it. There are other costs that we or the company have 
difficulty controlling. When [Hurricane] Katrina hits and 
shuts down gas coming from the Gulf, we start to have 
transportation costs go up. China is very big in the strategic 
metals market, which has made the spot-buy of various 
metals go up. You have to be very careful about any 
changes you’re going to require because they may drive 
increased cost. 


The F-16 and the A-10 have distinct qualities that 
match up with different missions. If you could pick 
one quality from each that you'd want the F-35 to 
have, what would they be? 

I’d like to have sensors like we have on the F-16. We 
started early on with the LANTIRN pod and then the Litening 
and Sniper pods. I’d like the ability to carry lots of different 
kinds of ordnance, whether GPS weapons or laser-guided 
weapons, and the ability to swing. If you get into a situation 
where you need more offensive counter-air or defensive 
counter-air, you can do it with the F-16. That’s an impor¬ 
tant option. At the other end, the A-10 is renowned for 
close-air support, generally because of its loiter time. It flies 
slower and it has that big gun. If we’re not going to have 
that big gun on the JSF, what sorts of things will we have? 

We’ll have internal carriage of the Small Diameter Bomb, 
which will give it a very respectable load. With the internal 
fuel it carries, it’ll have a very respectable time on-station. 
It has much better sensors than either the F-16 or the A- 
10. We’re going to build into the airplane the ability to talk 
and push information to and from the forces on the ground. 
We believe that when this airplane rolls out on the ramp, 
we’re going to see a tremendous increase in its ability to 
operate, to survive, and persist. 


version of the aircraft. Are there qualities there that 
would be beneficial, or will the CTOL variant fill all 
the requirements? 

When you look at [the STOVL variant] quickly you go 
‘Hmmm ... STOVL. Well, that opens up more runways so you 
can base farther forward.’ That may be attractive because 
you require less tanking. But as we got into it and looked at 
the way we operate the airplane, we [concluded] that there 
isn’t a big payoff for us in STOVL. Our plan now is not to 
acquire the STOVL version. We believe that the penalty you 
pay in cost/performance with the STOVL doesn’t fit into the 
way we operate and, as importantly, we don’t have the 
infrastructure. 

It’s easy to say, ‘We’ll just go forward and operate off of 
a road.’ Well, then you need to have folks up there to make 
sure there aren’t people on the road. You need to have the 
ability to get gas up there, otherwise you’re using the tanker 
anyway. You have to have the ability to get bombs there and 
bomb-loaders. We don’t have that in our operational con¬ 
cept. According to our analysis, the gain in the number of 
places that you could operate - your ability to get to certain 
kinds of airfields which would be farther forward and give 
us more time on-station versus a tanked or un-tanked mis¬ 
sion 400 or 500 miles away - is not that great. We’re not 
going to go down the STOVL road. Changing our opera¬ 
tional concept also drives up costs. 

What is the projected number of aircraft the USAF 
plans to acquire? 

Right now 1,763 is the number, bought over a long time 
span. We’re sort of looking for a one-to-one exchange for 
legacy fighters [F—16/A—10], but we may see what we have 
with the Raptor. It will probably be two to three airplanes 
that I’ll retire for every Raptor. You have to be careful 
because there is the tyranny of numbers consideration. You 
can have one eminently capable airplane, but it can only be 
in one place at one time. Even if you have a force that can 
swing, you need some numbers to that, too. The initial buy 
was pretty much a one-to-one replacement. I think it’s 
going to be more than that. We’re going to retire more air¬ 
planes than we buy because of the capability of this airplane. 

Given the fatigue of the current fleet, a larger 
number would look more operationally attractive, 
wouldn't it? 


The USAF is expected to order the CTOL variant of 
the F-35 but has expressed interest in the STOVL 


It’s either an advantage or disadvantage depending 
upon how you look at it, but if we get 1,763, we’re going to 
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buy those over a fairly long period of time. We’re going to be acquiring 100 
birds a month, so it’s going to take a while to buy the fleet out. You won’t be 
in a situation where you’re buying at a very high rate. That’s attractive 
because you get up on the learning curve and your price per unit starts to go 
down, but your force all ages at the same time, too. 

Have you done any simulations of operating the F-35 in concert 
with the F-22? 

That’s part of our plan. It’s just like F-15s and F-16s, it’s a high end - low 
end kind of mix. I’d say that in the initial days of the war, you’re going to have 
a lot of JSFs doing SEAD [suppression of enemy air defenses] and that kind 
of interdiction strike that you do to try and gain air supremacy so you can 
bring the rest of the force in. Now you’re starting to bring the JSF in as a per¬ 
sistent force. We believe that there will be a lot of missions where the F-22 
and F-35 will be either flying together in an integrated way or the missions 
will complement each other. The advantage of these two airplanes is not only 
that they are great performing aircraft which carry weapons of great preci¬ 
sion, they also are great intelligence gatherers. We expect to see the F-22 
leveraging information that the JSFs are picking up and vice versa. They will 
be an integrated force when they go to war. 

With these two airplanes, do you gain some of the capability that 
was lost with the F-lll and not rely on the EA-6B Prowlers as much? 

There are two parts to that. All my stealth airplanes are optimized against 
certain bandwidths, though no airplane is invisible all the time. So there will 
be a requirement for some EW [electronic warfare]. We can do the mission 
with less EW, but our analysis shows that it takes longer and you’re open to 
more risk as far as losses you may take. There’s a huge group of [EW] sys¬ 
tems out there that goes all the way from miniature air-launched decoys with 
jammers to B-52s with JASSM [Joint Air-to-Surface Standoff Missiles], which 
you typically don’t think of as an EW weapon until you’re hit by one. It’s a 
low-signature weapon that can complement a low-signature force. We 
believe that the Core Component Jammer is going to be a requirement to help 
us mask all of our fleet. It diminishes the time our adversary has for early 
warning and search cueing capability against our force. 

We also believe that as we bring these airplanes on with their AESA radar, 
there is some capability to do self-protection jamming and maybe at some 
point we can do actual computer attack/network attack operations. For quite 
some time we also will have the Block 50 common configuration F-16s with 
HARMs on board and targeting pods. So there’s an active component to the 
passive component of just trying to mask yourself. At some point, the JSF is 
going to start picking up some of that SEAD mission, too. 

Obviously, a robust strike capability is paramount for the F-35. 
How important does the USAF consider its air-to-air capability? 

It would be on par with the importance we place [on air-to-air with] the 
F-16. Originally, the F-16 came out with heat missiles and fairly short range 
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radar. Now we’ve got F-16s with radars that have been 
vastly improved and they’re carrying radar missiles. They’re 
carrying AMRAAM, which is our best standoff weapon. Air- 
to-air capability leverages our ability across the force so 
that we don’t have to have F-15s in every package. F-16s 
can be sent out on an air-to-air mission or they can be 
embedded with the F-15s. We wouldn’t expect [their air¬ 
crews] to have the same level of expertise that the F-15 or 
F-22 guys would have, but you can put the right people in 
the right place at the right time. Air-to-air capability is a 
very attractive feature of the JSF just as it is with the F-16. 

What are the most important elements of main¬ 
tainability/mission readiness to you as a commander? 

It’s really a combination of things. For me, the effect is 
generating sorties. I want to generate sorties with fewer 
stops in between the big [maintenance] stuff. That’s the 
critical point. As we stand the airplane up, we’ll find, as with 
the F-22, that it’s absolutely critical that those parts which 
are supposed to last for 450 hours mean-time-between- 
failure (MTBF) had better last 450 hours. Otherwise, you 
find yourself opening up the airplane through panels that 
weren’t really designed to be open very often. That drives 
your mission capable rates in the wrong direction. We have 
that fixed in the F-22 now, but early on, that was one of the 
things that the prime [contractor] had to do, to make sure 
the people who they qualified to make parts were absolute¬ 
ly meeting that MTBF. 

Across the board, what the F-22 and F-35 bring to me 
is the ability to deploy with a smaller footprint. I can main¬ 
tain it with fewer people, and I can turn the airplane more 
quickly and generate a higher sortie rate. One of the 
strengths of both of these airplanes is that are a lot of self 
diagnostics. In fact, on the way home, the F-35 calls home 
and says, ‘I need A, B, and C fixed. D and F are not working 
up to par, but they’re good to go for the next mission.’ When 
you have those pieces and parts - and with our analyses, 
we should be smart enough to have them on the shelf - as 
soon as it lands, there’s a guy standing there with the part 
in his hand. 

Given JSF commonality, do you envision opera¬ 
tional circumstances where you might have mixed 
USAF/USN/USMC weapons/maintenance teams re¬ 
arm and refresh the aircraft in the field? 

We’ve talked about that, and we do that now off and on 
across the AOR [Area of Responsibility], You can drop into 
an Air Force base or you can drop into a base manned by 


Marines and get a modicum of what we call cross-servicing. 
They can fix minor stuff, they can get you gas, they can get 
you oxygen. They may or may not be able to load you 
depending on what your airplane is. We wouldn’t anticipate 
doing that with the F-22 because you need to practice and 
know what you’re doing to load it. As we get into the CTOL, 
CV, and STOVL JSF, there may be more opportunities to say, 
‘If at some of these bases they had an X or Y piece of equip¬ 
ment, they could turn all of the airplanes if they needed to.’ 

We’re looking at that. We’re also looking at depot oper¬ 
ations. If these airplanes are say, 80 percent common, you 
ought to be able to take them to a depot and get to work on 
whichever aircraft come in. I think we’re going to have to 
have some experience with this to determine what the com¬ 
mon aspects are and if there is an advantage. 
Philosophically, it sounds good to say we can turn them, 
load them, and fix them no matter where they land. But, 
when you actually look at how you would fight a war and 
where bases would be, the probability that an individual 
base would be right on the way to or from an AOR might not 
work out. You could force [the issue] and say, ‘I want 20 
percent of my Air Force force to be turned by Marines and 
20 percent of my Marines to be turned by the Air Force,’ and 
make it happen artificially. But there might not be any pay¬ 
off. If there is, and we see that there is, then we have to look 
at our concept of employment and ask, ‘Is this goodness or 
is this just window dressing?’ 

Where will the first F-35 units stand up? 

We have to work through deciding where these things 
should be based on the airplanes that are currently in serv¬ 
ice - which ones we want to change out first. Before we can 
say this place is going to be the bed-down, we have to run 
through an environmental impact study. We’re just getting 
through that process with the F-22 and will have to make 
our final decisions on what we’ll do with the JSF. [Note: Eglin 
AFB in Florida has been identified as a leading candidate 
location for F-35 training.] 

Would the F-35 be the first airplane for which you 
would train entire mixed-element [USAF, USANG, 
USAFR] units? 

Actually, we have a JSTARS [Joint Surveillance and 
Target Attack Radar System] unit at Warner Robins [AFB] 
that is a blended unit right now. Both squadrons of the F-22 
are mixed units. We call them ‘associates.’ The associate 
units are formed in two ways. They’re associated where the 
active-duty owns the iron and we share people to maintain 
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and fly them, or the Reserves and the Guard own the iron 
and we bring active-duty people to that unit. So it wouldn’t 
be the first new airplane to have associate units. We have Air 
Guard pilots flying the F-22 right now at Langley. 

The same thing will happen as we bring F-22s into 
Elmendorf and to Holloman. As the fleet [diminishes], we 
have to start taking advantage of the fact that our Guard and 
Reserves generally fly less during peacetime because 
they’re more experienced and don’t need the sorties. You 
have a residual sortie capability at those units, and if you put 
in the right number of active duty across the force, it 
becomes attractive when you do these long rotations like 
we have in Iraq and Afghanistan. You don’t get in to a situ¬ 
ation where if you don’t have enough volunteers in a unit, 
you may not be able to mobilize it. You can backfill with the 
active part of the squadron. We think it’s a good concept. 

The F-15/F-16 fleet has seen significant fatigue- 
life used up while deployed. Has what youVe learned 
on those deployments been turned over to Lockheed 
Martin and the team that is building the F-35? 

We try to get a better analysis of usage factors for all the 
new weapons systems we bring on. What are the [typical] 
G-loadings they experience? What are the weights? Early in 
the development of the F-16, we figured the aircraft’s life 
was based on flying X number of hours in peacetime, going 
to war every three or four years, and using certain 
weapons. But then we went to war for 16 years. We left for 
Desert Shield and we haven’t been home yet. In many cases, 
we were flying around with two 2,000-pound bombs and 
bringing them home. That happened in operations Northern 
Watch and Southern Watch. That’s more wear and tear than 
we’d planned. 

Recently, we’ve put the F-16 through a number of 
upgrade programs including the STAR [STructural 
Augmentation Roadmap] program, which is a maintainabil¬ 
ity and life-extension program. We’ve also done the 
Common Configuration Improvement Program, which gives 
all our Block 40s and Block 50s the same capability. As 
we’ve increased the capability of the F-16, we’ve extended 
its life to the point that we won’t be in a deep bucket by the 
time we get the JSF on board in numbers. We factored that 
sort of severity of usage back into the new airplane. Those 
are things which concern me. Early on, there was an issue 
with the F-22 and the JSF with weight. As you start shaving 
weight out of an airplane, then the question is what differ¬ 
ence will it have on the life of the airplane? My responsibil¬ 
ity is to make sure that we get a piece of equipment that A, 
meets the requirements, and B, will be with us for a long 


time. I was a captain at Nellis [AFB] in the mid-1970s and 
flew operational tests against the F-15C. We’ve still got the 
C models. The same thing will happen with the Raptor and 
the Lightning. We’re buying these things for tomorrow and 
30 years from tomorrow. 

They’ll not only need the structural soundness to 
last that long, but also the plug-and-play capability 
to stay relevant then? 

We’re in pretty good shape on that. A lot of my work 
with industry is getting up on my soapbox and talking about 
plug-and-play. We’ve got to do it better than Microsoft 
does it. If people want to do proprietary things, that’s fine 
as long as they’re inside the boxes. As soon as [changes] 
come outside the box, they have to talk in the common way, 
they have to fit in the common architecture. They have to be 
reasonably cost-efficient to integrate. When someone tells 
me they’re developing something that’s a good idea but it’s 
going to cost me $150 million to integrate, that drives me 
nuts. We’re making a lot of headway on that, however. 
People are understanding that if they want to be competi¬ 
tive, they want to be in the game, they have to plug-and- 
play. 

There have been F-16 operators around the 
world, and the F-35 is slated to go to a number of 
international partners. What kind of payoff do you 
anticipate from operating a common platform? 

There’s always an advantage in interoperability, but 
really a [common aircraft] is more of an entree, the ability 
to go to a country and say, ‘You’re buying F-35s, we’re 
buying F-35s, let’s play together.’ It’s a catalyst for getting 
together, having the same piece of equipment. We do that 
with our allies who have different equipment, but some¬ 
times it’s a bit harder. 

There are two facets to interoperability. There is tech¬ 
nical interoperability, which is what you get when you and I 
have the same airplane, same general radios and data links. 
But there’s also tactical interoperability, where we’re using 
the same tactics, techniques, and procedures. In many cases, 
that’s more important than technical interoperability. Having 
thousands of F-35s around the world makes things easier 
because we’re talking a common language with our allies 
and friends about a common piece of equipment. That’s how 
business gets done. When time is short and the issues are 
great, to be able to pick up the phone and talk to somebody 
and know the face that you’re talking to, know that you’ve 
flown together and trust each other, is supremely important. 
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Fifth Generation 
Strike Fighter 

A look at the USN variant F-35 with the Commander, 
Naval Air Forces, Vice Adm. James M. Zortman 


By Jan Tegler 



F ifth generation technology has produced the first dedicated 
stealthy strike-fighter in naval history, the F-35C Lightning II. 
Projected to serve as much as 50 years, the F-35C will be a tac¬ 
tical anchor for naval aviation. The capabilities it brings to the 
Navy are critical for the service’s projection of power from the sea. 

The F-35C’s stealth will allow naval aviators to strike heavily defend¬ 
ed targets at earlier junctures than before, providing a wider role for naval 
aviation on the first day of a war. Capable of carrying 2,000-pound pen- 
etrator weapons such as the joint-standoff weapon (JSOW) internally, the 
aircraft can preserve its stealthy signature all the way to a target area. 
Striking deep into hostile territory will be possible without heavy reliance 
on external tanking (also preserving stealth) or aerial refueling. With at 
least 1,100 pounds more internal fuel than the CTOL/STOVL variants of 
the joint strike fighter, the F-35C will restore a deep strike capability to the 
fleet missing since the demise of the A-6 Intruder. 

Vice Adm. James M. Zortman, commander, Naval Air Forces since 
August 2004, is intimately familiar with deep strike. As a Naval flying offi¬ 
cer/bombardier-navigator flying the A-6 Intruder, Zortman made three 
deployments with Intruder squadrons and commanded a fourth through 
two deployments. Along with a variety of staff billets, Zortman has also 
served as commander, Carrier Air Wing Seventeen and commanded Carrier 
Group Seven and the USS John C. Stennis Battle Group, participating in 
operations in support of Operation Enduring Freedom. His perspective on 
the F-35C, tempered by many years of experience in strike aviation, is an 
optimistic one. 
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The Navy’s F-35C will give it back a deep strike capability 
lacking since the retirement of the A-6 Intruder, as well as a 
formidable air-to-air capability. 


What roles and missions does the Navy envision 
for the F-35C? 

Zortman: We’re going to do the whole range of mis¬ 
sions that the aircraft is capable of doing. The integrated 
carrier air wings on our flight decks are our fighting units. 
The aircraft which make up an air wing have strength in dif¬ 


ferent areas. The real strength area that the F-35 has is all¬ 
aspect stealth. As a fifth-generation strike fighter, it gives 
us capability in an anti-access scenario, the kind of situation 
when you’re going after heavily defended targets and 
you’ve got to have range to get there and where you’ve got 
to have payload in the jet to carry the kind of weapons you 
need, particularly penetrators. You have to have mission 
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Commander, Naval Air Forces, Vice Adm. James Zortman is 
greeted by Commander, Training Air Wing One (TW-1), 

Capt. Curt Goldacker at Naval Air Station Meridian in 
November 2006. 

systems that allow you to target and defend against robust 
IADs (integrated air defenses). 

Which types of aircraft will the F-35C replace first? 

They will first replace our F/A-18A-plus and F/A-18Cs. 

What is the balance between missions in the 
F-35C? How important is the air-to-air mission? 

I think the air-to-air mission is very important. The ulti¬ 
mate composition of our air wings will be two F-35C 
squadrons and two Super Hornet squadrons. We think that 
those two aircraft are very complementary. The Super 
Hornet Block Ms with the AESA (active electronically steered 
array) radar and complimentary weapons are going to be 
very capable aircraft that will face the threat and be credi¬ 
ble into the first quarter of the 21st century. The network¬ 
ing that will be possible between the Lightnings, Super 
Hornets, Growlers (Boeing EF-18G), E-2C Hawkeyes, and 
the other units that make up a strike group, including the 
surface ships and even aircraft from other services, will be 
very beneficial. 

There’s been a lot of hard work put in to define just 
what “network-ready” will be as a measure of performance 
of the aircraft. The difficulty of defining it is being able to 
measure and test it so that it meets your requirements. 

What particular qualities does the Navy require 
that distinguish the F-35C from the F-35A and B? 

First and foremost it’s configured for catapult launch and 
arrested-gear recovery. In order to get the characteristics 
that we wanted for handling around the ship, it’s got a 
slightly bigger wing. The good news is, the flying character¬ 
istics are substantially the same as the other versions of the 
aircraft, but the F-35C carries more gas. That translates into 
greater range or more endurance. It retains its all-aspect 
stealth and the size of its weapons bay. In the stealth con¬ 
figuration it can carry a significant payload of both air-to- 
air and air-to-ground weapons, including the penetrators I 
mentioned. Penetrators are important for hitting hard and 
buried targets on land but also for the capability to attack 
surface ships in the maritime environment. 

With the largest fuel capacity of the three variants, it will 
have the longest range and on-target dwell time. That 
means you can get further into the bad guys’ territory when 
you need to with fewer tankers. When you get there you can 
stay on station longer, giving you more flexibility. We’ve 
found that to be very important, especially in Afghanistan. 



We’ve flown from the North Arabian Sea off the carriers on 
missions there. The ability to get up there and linger when 
necessary to support the troops on the ground is crucial. 

Does the F-35C match or surpass the Super 
Hornet in terms of its range and endurance? 

The range for the F-35C will be in excess of the Super 
Hornet. You can launch off a ship in the stealth configura¬ 
tion and get out somewhere between 650 and 700 miles, 
attack a target, and have the gas to get back. And if you 
didn’t expend all of your weapons, you can bring them back 
to the ship. That bring-back capability is important for 
everybody who flies the airplane, whether you’re landing it 
ashore or on an aircraft carrier. For many missions, partic¬ 
ularly when we’re doing support of troops on the ground, 
you bring back ordnance. If you have a mission where you 
don’t drop ordnance but have to jettison it to come back, 
especially precision ordnance, that gets expensive. 

Range is important in a couple ways. It’s important if 
you’re trying to go a long way to hit a target but sometimes 
it’s endurance that you want. The idea that you can go a 
couple hundred miles away from the ship and linger either 
in a CAP station or waiting for a target to attack is attrac¬ 
tive. It means you can hang out for a long time, depending 
on the configuration you’re in, maybe up to 100 or 110 
minutes. That’s a long time, which could give the guy on the 
ground or the battle manager in the air a lot of flexibility, 
rather than being there with only five minutes of gas and 
then having to go back. That flexibility means even more 
when you consider the difficulties which come with getting 
aerial tankers bedded-down in the right place. 
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THAT'S A FACT 


Patuxent River 
Naval Air Station 
[NAVAIR] 


The Joint Strike Fighter (JSF) is one of 
the most technologically advanced 
programs produced by a stellar team 
of professionals spanning businesses 
and nations. It is no surprise that 
Maryland is the perfect place for this 
technological wonder to test its 
wings. 

St. Mary's County in Southern 
Maryland has been the home of 
aviation flight test training and testing since 1943. The Naval Air Station, 
Patuxent River complex, is uniquely qualified to handle all aspects of JSF 
test and evaluation. This facility has trained many of the nation's top 
aviators in flight test techniques, including four of the original seven 
astronauts. This long history in support of aircraft, aircraft systems and 
support systems for the warfighter culminated in Pax River's designation 
as the center of excellence for naval aviation. 


Two of the three 
F-35 JSF variants 
will be tested at 
Pax River. 


The infrastructure of 
laboratories, ranges, 
and technical talent 
supports all aspects 
of aviation from 
requirements 
definition, aircraft 
design and 
development, testing, 
fleet support, and 
problem-solving 
throughout the life 
cycle of the Navy and 
Marine Corps 
platforms. 


"Patuxent River performs 
every aspect of carrier and 
maritime aviation 
acquisition and RDT&E 
better than anyone else." 

Lt. General 

Michael A. Hough, USMC 


The partnerships in place between St. Mary's County, the State of Maryland, 
the Southern Maryland Naval Alliance and The Patuxent Partnership will 
ensure that all systems are good to go for a productive and cost-effective 
test and evaluation 
environment. Maryland's 
strategic location on the 
East Coast Corridor, 
university resources and 
proximity to the Nation's 
capital means that there 
is a wide variety of top 
candidates for 
contractors and easy 
access to key decision¬ 
makers. 

Maryland is home to the 
highest concentration of 
professional and 
technical workers among 
U.S. states and one of 
the highest proportions 
of doctoral scientists and 
engineers in the nation. 

This means that all companies involved in test and evaluation will have 
access to a world-class workforce that is up to the challenge of making the 
Joint Strike Fighter one of the most efficient and cost-effective aircraft ever 
built. 

Combining the excellent work force, the dynamic transportation 
infrastructure, reliable partnerships and a land that has been deemed "no 
finer place for habitation than the Chesapeake Bay," Southern Maryland 
ranks even higher as a first-rate test and evaluation facility for the Joint 
Strike Fighter. Maryland is ready to welcome the JSF to Pax River. 


"Maryland has some of 
the best minds in the 
country to give the Joint 
Strike Fighter the 
competitive advantage. 
We are proud to see the 
aircraft enter flight test 
and look forward to 
welcoming the program 
to Pax River." 

Governor Robert L. Ehrlich, Jr. 
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The X-35C during 
the Concept 
Demonstration 
Phase of the JSF 
program. 


How many F-35Cs will the Navy procure? 

We want to fly the F-35C off of our aircraft carriers and 
the Department of the Navy has said we’re going to buy 680 
total. The number that we probably need to fly Cs off our 
carriers is somewhere between 360 and 380. But the 
Department of the Navy has not decided definitively on the 
mix of Bs and Cs. We’re going through a process now to fig¬ 
ure out what that’s going to be. The Navy and Marine Corps 
are going to own a combination of the two models and 
that’s good for the nation. Each airplane has strengths and 
attributes that we need for flexibility. 

Marine Corps aircraft are currently integrated 
with Navy carrier air wings. Is the F-35 a candidate 
for this kind of integration? Will we find the F-35B 
alongside the F-35C on deck? 

It’s probably premature to answer that question because 
we’re going to have to understand the combination of F- 
35Cs and F-35Bs that we’re going to have. That will deter¬ 
mine where the aircraft are used and how. For instance, the 
Marines have said they want an all-STOVL force. What 
we’re studying is, could you fly F-35Bs off the carriers? The 
second question is, should you? Once we’ve answered the 
questions we need to consider and the commandant of the 
Marine Corps and the CNO make their decision, we’ll know 
whether we’re going to fly the B from the carrier. 

Will the F-35C carry a gun? 

The Navy and the Marine Corps are in a common devel¬ 
opment process with the F-35. We’re both aiming to have 
the capability to carry an external gun on the B and C. 

The possibility of a UK purchase of F-35Cs for 
their new aircraft carrier has been raised. If the RAF 
were to procure the F-35C, what kind of impact might 
that have? 

We’ve been deeply involved for many years with the 
Royal Navy. They’re in the process of getting ready to design 
and build a new aircraft carrier. As I understand it, they will 
have to make a decision very soon about whether they will 
go with the B or the C variant because it will impact the 
design of their new ship. They will have to decide whether 
they’re going to include catapults and arresting gear. That’s 
also influenced by the other types of aircraft they might 
want to fly off their carrier. What other aircraft would give 



them the mission capability they need but require catapults 
and arresting gear to enable them? They haven’t made their 
final decision yet, so it’s too early to say if there would be 
an impact. 

The big difference with a catapult and arresting gear 
aircraft is that when you catapult an aircraft from the deck 
you can get more weight and volume airborne. In some 
mission areas, the physics of getting antennas and process¬ 
ing power up in the air are the only things that allow you to 
do that mission. That’s one of the reasons we’re committed 
to catapult and arresting gear on our Nimitz-class carriers 
and our new CVN 21 carriers which are coming up. In order 
to get E-2Cs and EF-18Gs into the air to perform their mis¬ 
sions, you have to have catapults and arresting gear. 

In what particular areas does the Navy expect the 
F-35 to enhance capability? 

The F-35C is going to give us enhanced power projec¬ 
tion because it will give carrier strike groups stealthy strike- 
fighters that can go against highly defended targets pro¬ 
tected by advanced anti-access systems - very capable sur¬ 
face-to-air missiles and fighters. Additionally, I think the F- 
35C will be integral when we do suppression and destruc¬ 
tion of enemy air defenses. It will be very capable in offen¬ 
sive counter-air. It will also be very effective for close air 
support. With the amount of fuel that it carries, it will have 
the ability to go a long way and hang around with a pretty 
good bomb load onboard to support troops on the ground 
in a flexible way. 

What kind of gains in maintainability/mission¬ 
readiness is the Navy looking for with the F-35C? 

The mission reliability of the airplane is programmed to 
be greater than 95 percent. We’re looking at the ability to 
generate at least three sorties a day with the aircraft during 
the first week of a conflict and two sorties a day for the next 
month. I think we’ll find that those will be the starting points 
and we’ll be able to do at least that. This is an airplane that 
has been designed from the beginning with reliability 
enabled by maintainability as a performance factor. I see it 
as a huge step forward. The technology of stealth and its 
maintainability has grown considerably since the early days 
of the F-117. I think we learned a lot with the F-22 and 
now, with the kind of materials that are being employed and 
the techniques that we’ll use with the F-35, it’s not only 
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going to be stealthy, it will maintain that signature with a lot 
more ease. Anyone who’s dealt with those issues with pre¬ 
vious airplanes knows that that is a tough thing to do. 

What are the challenges of managing a procure¬ 
ment program such as the F-35 and maintaining an 
aging fleet of aircraft? 

It’s a balancing act. We’ve made a concerted effort in 
naval aviation to move as quickly as we can into newer air¬ 
craft. We just put the last of the Tomcats away a couple 
months ago. That was almost two years earlier than the 
original plan called for. That was enabled by multi-year 
procurement of the Super-Hornet. Boeing did a good job of 
turning them out quickly and we had the opportunity to 
accelerate the retirement of the Tomcat. That has paid real 
benefits for us in terms of cost and the availability of 
aircraft. 

When I look at what the Lightning II can potentially do I 
see some real opportunities. One of the things we’ll need to 
do is figure out how to take best advantage of the aircraft in 
how we maintain it over its lifetime. The opportunities it 
gives for performance-based logistics provided under 
innovative contracting solutions are very interesting and 
give us alternatives. If we just treat this like another F/A-18 
or the airplanes it’s replacing, I think we won’t get all the 
utility that we could get out of it. We’ve got to be willing to 
think about how we might do things differently to take 
advantage of F-35’s characteristics in terms of availability 
and maintainability. 

For instance, is our traditional depot structure the right 
way to maintain this airplane? Maybe it is, but then again, 
maybe it isn’t. Is our split of where we do depot-level main¬ 
tenance or organizational-level maintenance balanced cor¬ 
rectly? Are we positioned to take advantage of the abilities 
of the people who built not only the airframes and engines 
but the components to be long-term partners in ensuring 
that the reliability and readiness of the aircraft is sustained? 
Are opportunities to modernize the aircraft in place so that 
the airplane is every bit as capable when we put it away 
decades from now as it was when we started flying it? 

Those are all decisions that will be made in the next year 
or two that will really set the tone for how we own and 
operate this airplane for decades. 

How actively have you been engaged with 
Lockheed Martin? 

Lockheed’s been a very capable and willing partner in 
exploring options and opportunities with us. I’ve been down 


to Fort Worth a number of times and watched how they 
have embraced leading edge design tools and manufactur¬ 
ing techniques to get the airplane to where it is today. We 
have to be every bit as forward looking in how we operate 
and maintain the aircraft over the next decades as they were 
in designing and building it. 

Are there any plans to form a common logistics 
organization with the USMC or USAF? 

The Navy and the Marine Corps have had a common 
logistics set-up as far back as you can look. We have slight¬ 
ly different constructs in our intermediate tactical-level 
organizations. Marine Corps organizations look like the 
Marine Corps. Navy organizations look like the Navy. But if 
you go pull books and parts out, you see that they’re all 
from the same place. 

The high degree of commonality between the three 
variants of the airplane is going to give us the opportunity 
to do things with the Air Force at a level that we haven’t 
previously. A good example of that is that we’re going to 
train all three variants in one place. We’ll have a little bit dif¬ 
ferent service organizations but the logistics support set-up 
is going to be common. Of course, there are some differ¬ 
ences among the variants. There are common parts and 
cousin parts and unique parts. One of the real drives from 
the beginning has been, as much as possible, to make those 
common parts common so that we can get as close as we 
can to common logistics. 

Given JSF commonality, is it possible to envision 
operational circumstances in which mixed 
USN/USMC/USAF teams might re-arm and refresh the 
aircraft in the field? 

That’s every commander’s dream - to be able to land 
my F-35C where Bs or As are based and someone will come 
out on the flight line and think, “That’s a little bit different 
shape but I know where to go to take care of this or that and 
how to put this weapon on.” And just like that, you’re mis¬ 
sion effective again. 

What kind of impact is the F-35C expected to have 
on operations around the carrier (deck-handling, 
spotting, arming, etc.) both on deck and below on the 
hangar deck? 

We’ve done a lot of simulation and we have some very 
good models for handling and deck flow. The Lightning II 
really does have similar handling characteristics to the Super 
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Hornet and what we think the Growler will have. The ability to bring back 
significant ordnance with a pretty good fuel load is going to be a plus. Based 
on what we know now, I don’t think it’s going to have any significant impact 
on or around the carrier because it shares so many handling characteristics 
with current aircraft. Additionally, this airplane is designed to turn around fast 
and to have a lot of fuel so it gives us more flexibility around the ship. 

Has the Navy looked ahead to discuss interoperability with NATO 
commanders and others who fly the F-35? 

We are looking ahead at that and we’re only scratching the surface on 
what the possibilities might be, not only from a support standpoint, but with 
the ability to put Lightnings from two or three or four air forces or naval air 
forces together. You think of the ability to pass information, of having simi¬ 
lar flight characteristics that greatly aid in planning and execution of joint 
strike operations or OCA (offensive counter-air) or DCA (defensive counter¬ 
air). There’s an element of shared enthusiasm as well. When you’re flying the 
same kind of airplane you tend to work more closely together. We’ve seen 
that with the F-16, with the F/A-18, and any number of aircraft that we’ve 
shared with partner countries. The operational possibilities are pretty limit¬ 
less and the shared operational perspective that comes when you’re flying 
the same kind of aircraft is important. 

If you get a bunch of Lightning guys in the club talking to each other, I 
suspect it would be a great conversation. 

Is there a timeline for standing up the first operational F-35C 
squadron? 

We have a general timeline. I think we’re on track to get the first CV JSF 
in 2012 and getting to initial operational capability in 2014 to 2016. 

Finally, the F-35C will be the Navy's first single-engine, single¬ 
pilot tactical aircraft since the last A-7 Corsair II retired in 1991. As a 
former A-6 Intruder operator, how do you view the F-35C? 

We flew single-engine airplanes for a long time off of carriers. The kind 
of advances in engine technology and reliability that come with the F-35 give 
me great confidence. I think we’ll see the kind of reliability from this engine 
(Pratt & Whitney F135 or GE/Rolls-Royce F136) that we need for safe and 
effective operations from the deck. 

As far as the single-piloted aspect goes, the ability to prioritize and dis¬ 
play information to the pilot in a way that allows him to very effectively 
employ the airplane is a big advance. I see nothing that tells me that it won’t 
be mission effective with a single guy in there. I also think there’s always that 
mix of work-sharing that needs to be balanced — how much time are you 
flying the airplane and how much time are you employing the weapons sys¬ 
tem? Given the F-35’s systems and characteristics, the guy that’s flying it is 
always going to have to balance that task-sharing, but that can be success¬ 
fully done. The pilot will be flying the airplane when he needs to and fight¬ 
ing the system when he needs to. It will be a mission-effective airplane. 
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Fight Forward 


A look at the USMC variant F-35 with the Assistant 
Deputy Commandant for Marine Corps Aviation, 
Col. Robert Walsh 


By Jan Tegler 


A s the world’s foremost expeditionary warfighting organization, the 
United States Marine Corps fights as a combined arms team, seam¬ 
lessly integrating ground, aviation, and logistics forces, exploiting 
their agility, flexibility, and speed to push the fight forward. 

Aviation is key to pushing the fight forward, seen by the Marine Corps as an 
enabler for their evolving distributed operations doctrine - a strategy that advo¬ 
cates the employment of lethal, autonomous small units, better able to operate 
across the full spectrum of operations. Dispersed widely across a battlefield, these 
elements would require adaptive, scalable fires support, the kind of support that 
gives teeth to a light force, the kind of support the F-35B Lightning II can 
provide. 

The deputy commandant for Marine Corps aviation, Lt. Gen. John Castellaw, 
refers to the F-35B as no less than the centerpiece for Marine aviation. “This is 
not a bomb truck. It will be the glue that holds [Marine aviation] together.” 

As such, the STOVL variant of the Joint Strike Fighter will be employed by the 
Marines in significantly different ways than the F-35A CTOL variant the USAF will 
field and the F-35C carrier variant the USN will operate. To get the Marine Corps 
perspective on the F-35, we spoke with Col. Robert Walsh, assistant deputy com¬ 
mandant for aviation of the Marine Corps. With 23 years of experience flying the 
F-4 and F/A-18, Walsh served as a flight instructor at the U.S. Navy Fighter 
Weapons School (TOPGUN), as well as F/A-18 Tactics and Readiness Officer, Staff 
Training and Standardization Officer, and Safety Officer. Walsh later commanded 
VMFA-115, and most recently served as commanding officer of MAG-31 before 
reporting for his present duty. The views he shares, together with comments 
from Maj. Thomas W. Fries, action officer, Joint Strike Fighter, Aviation 
Requirements Branch, U.S. Marine Corps, give insight into the unique 
operational concept the Marines have for the F-35B. 
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Marine Corps aviation has always been primarily a support¬ 
ing arm for Marines on the ground, and the F-35B will be 
the most refined tool ever available to Marine Air. 



What roles and missions does the Marine Corps 
envision for the F-35B? 

Walsh: Everyone that will use this airplane has a vision 
for how they want to use it. We think that, in some ways, 
ours is a different vision than some of the other services. 


Our AV-8Bs have a defined mission set and our A-plus’ 
and Cs, also single-seat airplanes, have a mission set simi¬ 
lar to the Harriers. Our Hornets also fly from carriers and 
have a more air-to-air tasking. Harriers don’t have the 
AMRAAM missile so they have a smaller air-to-air role. The 
F/A-18Ds have a TAC-A, FAC-A role. In the TAC-A role 
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to get those squadrons replaced right now. We’re already short on invento¬ 
ry in our F/A-18D squadrons and we’re not building anymore Ds. We’re 
moving assets around to try to keep our units from being hollowed out. 

So we’ll replace the Harriers first, perhaps a couple of Harrier squadrons. 
As you replace the Harriers in those squadrons with F-35Bs, the AV-8Bs can 
be spread to other squadrons to make them whole again. Next, we’ll replace 
F/A-18Ds. As we put F-35Bs into one or two of the Hornet D squadrons 
we’ll do the same thing - distribute the Ds they replace to other Hornet 
squadrons. 

After that, we’ll probably go back and forth, replacing the two types with 
F-35s. Our Harriers and D model Hornets are in the worst inventory shape. 

How many F-35Bs will the Marine Corps procure? 

Right now, our procurement strategy shows 420 aircraft as our require¬ 
ment. That has been the number we’ve envisioned procuring over the life of 
the program. 

The Marine Corps variant of the F-35 is the F-35B. What qualities 
do the Marines require that distinguish it from the F-35A and C mod¬ 
els? 

We look at the platform from a basing standpoint. This thing can base 
anywhere. Should everybody buy STOVL? That’s their question to decide but 
we think the F-35B gives us the capability to base from an aircraft carrier, 
from an amphibious ship, from a forward operating base, from a main oper¬ 
ating base, from austere sites, anywhere. We bring true flexibility with the F- 
35B. 

You look at the problems with access today. We tried to make a deal with 
the Turks to let us use Turkey [to] base one division there to operate into 
northern Iraq. We couldn’t make the deal. The basic flexibility to operate from 
the sea, or forward on land, is what this airplane gives us. 

And we can add stealth to the equation. Think about the advances with 
JSF. The F-117 was early stealth technology, which took a lot of work to 
maintain. They had to be kept in hangars and carefully treated. Much more 
robust stealth reliability and capability is being built into this airplane. 
Therefore, we think the F-35B can be based at austere sites. You’ll be able 
to put it in the dirt and maintain your stealth capability. 

From a maintenance and reliability standpoint, the F-35B has fifth-gen¬ 
eration technology to maintain its VLO (very low observable) capability. 
Having been down to Lockheed Martin and having seen their work to ensure 
that you’ve got VLO capability with proper maintenance that isn’t excessive, 
I’m confident that this airplane won’t limit you the way an F-117 did. 

There’s another part to this as well. We see the threats over the battle¬ 
field in the future as much more sophisticated. The double-digit and triple¬ 
digit SAMs of the future are going to proliferate. How do you go against the 
United States? It’s going to be surface-to-surface weapons, surface-to-air 
weapons, cheap stuff off-the-shelf that they can network themselves in very 
integrated ways. When people say you need stealth just for day one or day 
two or three to get in and out, we think the need will be wider than that. We 
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think there won’t be ‘a day 
one, day two, or day three.’ 
You’re going to need stealth 
for an entire campaign to be 
able to persist over that dirty 
battlefield with those 
threats. We’re going to be 
flying this airplane for prob¬ 
ably 50 years. What’s going 
to be out there five years or 
25 years from now on the 
surface-to-air side? 

To support our Marines 
on the ground or soldiers or 
Special Operations forces, 
we can’t get kicked off the 
battlefield. We think we’ll 
need stealth to persist, not 
just for deep strike. 

Will the F-35B feature 
a gun? 

We will equip the aircraft 
with a podded gun. If you 
look at OIF, we wouldn’t 
have thought we’d be using 
a gun anywhere near as 
much as we are. It woke us 
up a little bit and we realized 
there are missions where 
we’ll use it. It’s something 
we want for the airplane. I 
wouldn’t say this is some¬ 
thing we’re going to use a 
lot, but it’s a capability we 
may need. The precision 
capability of the airplane 
should mean that we won’t 
have to use the gun in most 
cases. 


An early artist’s impression of a Marine 
Corps’ F-35B depicts the forward-basing 
capability so important to the Marines. 


The F-35B will have the shortest range of the 
Lightning variants. You’ve mentioned the vision to oper¬ 
ate aviation assets as far forward as possible. Does the 
F-35B’s range meet your requirements? 


Look at some of the operations that have gone on in 
Afghanistan. If you look at the missions the Air Force was flying 
with their F-15s, those were 15-hour missions. How much time 
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were they really over the battlefield? How much was in 
transit? Look at some of the missions the Navy was flying 
there. Look at how long their transit time was. There’s no 
intent here to downplay what the other services do. Let’s 
face it, when you roll in that aircraft carrier for instance, 
[it] provides your first access to do missions. You may 
need a lot of tankers to do it, but it’s allowing you to 
operate. 

But there comes a time when you can say, ‘Now we 
can we do this mission by finding a FARP or a forward 
operating base to move ashore to and operate from.’ At 
that point you can see the benefits from being closer to 
the fight. 

Given that the F-35B will often be operated 
from forward sites and that its range is not as great 
as the A and C variants, will the F-35B fly on the 
first day of a war? 

We think we can. You need to take a look at all the 
options available. The F-35B can operate as a STOVL air¬ 
craft from the big-deck carriers or from the amphibious 
ships. Those platforms can be forward. Is there a major 
operating base that we can use in the area? If you look at 
the numbers of airfields that we could use, even in friend¬ 
ly host nations, you can see limits for other aircraft. Say 
you want to base a lot of TacAir in a host nation. Air Force 
aircraft might only be able to come into X-amount of 
places because they need so much runway. Maybe the 
host nation says you can come in and operate from here 
but we can only give you a very small footprint to fly from. 
There are places that we could go into with the F-35B 
that conventional aircraft couldn’t. It makes the joint force 
more flexible. We’ve got the flexibility to take advantage 
of many more opportunities on day one of a war. Then, at 
the right point, we can make the decision to move ashore. 
Many factors will decide that, but in Afghanistan, for 
instance, flying from Kandahar or Bagram makes a lot 
more sense than to continue to fly from another country 
or off ships. 

As Marines, we support the joint task force com¬ 
mander but our direct purpose is to support the MAGTF. 
We come ashore lighter than the Army. We move inland 
quickly and we can do that because we have a much 
lighter footprint. For us to be that light, our firepower has 
to come from the air. We see the concept of distributed 
operations as relying more and more on aviation fires. As 
we move deep into the battlefield, the grunts will be 
bringing less with them in terms of firepower. Forward- 
deployed F-35Bs allow us to stretch firepower. 
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The STOVL nature of the F-35B limits the amount 
of ordnance that it can carry relative to the A and C 
models. How does the Marine Corps view this? 

Maj. Thomas W. Fries: We cannot carry the JSOW (Joint 
Stand-off Weapon) internally as the other variants can. 
When we made the decision to go with the F-35B, it was a 
conscious decision to go to a 1,000-pound weapons class 
bomb bay for the STOVL version. One of the big reasons is 
that after we looked at the complete target set over differ¬ 
ent campaigns and what the aircraft might need to carry to 
deal with those targets, we found that only 15 percent of 
targets, strategic or tactical, required a 2,000-pound pen¬ 
etrating weapon. Those are the only weapons we don’t 
carry internally, although we can carry them externally. 
Additionally, the other 85 percent of the target set is what 
the Marine Corps is really interested in. We believe the other 
15 percent of targets are Air Force- and Navy-type targets. 

Walsh: The JSOW is a good example. The Navy also 
looks at that weapon as a great weapon for anti-shipping. 
If we were out there on the carrier with them, we couldn’t 
carry that internally. So maybe that’s a mission we don’t do. 
Maybe we’re doing something else and the Navy’s F-35Cs 
and Super Hornets would focus on that. There’s a tradeoff. 
For us to be STOVL we lose the anti-shipping capability in 
some scenarios. 

The F-35 is referred to as a strike fighter. Does 
the Marine Corps place emphasis on one capability 
(strike or air-to-air) before another? 

Actually, we don’t look at the F-35B as a strike fighter. 
This, again, is how we’re different. We don’t look at the air¬ 
plane as simply servicing targets or playing a role in air 
dominance. We think the term strike fighter, which might be 
appropriate for a Harrier or Hornet, is outdated. The F-35 
can do more. We look at this airplane more as a flying com¬ 
bat system. It can do strike and air-to-air, but it can add 
other functionality. 

Electronic warfare and the ability to be stealthy over a 
long period are important. Just as integral is the capability to 
share and distribute information. We want to be network- 
enabled like the other services but we’re going to be differ¬ 
ent here again. 

The Air Force may look at networking capability as 
being relevant for giving a pilot more information so he can 
attack targets. He can take in stuff from all of their sensors 
that they have up in the air - satellites, AWACS, JSTARS. We 
look at taking advantage of all those sensors and pulling 


information from the ground and pushing that information 
around the battlefield wherever it’s needed. 

In many cases we may be supporting people on the 
ground so they have more spherical situational awareness 
(SA). We look at the F-35 as an enabler which relates to the 
Marine on the ground so we can do distributed operations 
with the MAGTF, so we can spread out more effectively 
around the battlefield with more SA. We pass SA to them 
from our sensors or we are able to get information from 
off-board sensors and pass that to them. 

One thing we often talk about is the ability to monitor 
frequencies with our EA-6Bs. We find bad guys on one 
frequency net and try to jam it or herd them to another 
net. With the JSF we may be able to find the net they’re 
on, monitor it, and pump that information back to what 
we call the CAOCL (Center for Advanced Operational 
Culture and Language) at Quantico. You have a bunch of 
people there that are from whatever nation we’re in, 
speaking the language of the forces we’re opposing. This 
information’s getting pumped back to them. They listen to 
it and say, ‘Hey these guys are getting ready to go in and 
do whatever.’ We pump that information right back to our 
ground forces and tell them to move on the other forces 
and take them down. 

We may be able to make this flow right through the air¬ 
plane. It’s got the processing capability to do this. These are 
things that we’ll develop over time. We’ll look at how we can 
develop SA around the battlefield, not just for us in the air 
but for the guys on the ground. We’re focused on taking the 
airplane and using it for the forces on the ground. 

Another scenario that we see developing might be a sit¬ 
uation where we have V-22s going really deep. A V-22 can 
take teams about 450 miles into this distributed battlefield 
and they want to know whether the zone they’re going into 
is hot or cold. As they’re going forward, we can have JSF 
looking at the zone with our own sensors or maybe the JSF 
is looking at satellite imagery or other off-board imagery. 
The JSF may be taking the information and pushing it to the 
V-22 so the ground commander in the back can look at it 
and say, ‘Okay, the zone is cold. Let’s keep pressing.’ That’s 
another way the technology of JSF may allow us to do things 
in the future. 

The Marine Corps is looking at this airplane not only as 
a platform that can take in precision strike information but 
one that can push information out to build SA. 

Marine Corps aircraft are currently integrated 
with Navy carrier air wings. Will the F-35B be inte¬ 
grated in the same fashion? Will we find the F-35B on 
deck with the F-35C? 
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The upper LiftFan and air intake doors on the F-35B’s 
spine and the enlarged dorsal area behind the cockpit 
are distinguishing features of the variant. The F-35B 
will have smaller weapons bays than the other vari¬ 
ants, and will share a “clip-on” gun with the F-35C. 
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That’s the Marine Corps’ intent. We want to prove that 
the airplane can go anywhere and operate effectively from 
any platform. The commandant’s position is that we’re an 
all-STOVL force. We don’t have the distinction between air¬ 
planes that can go on an aircraft carrier but can’t go to a 
forward operating base and aircraft suitable for forward 
bases but not for the carriers. 

Currently, we have TacAir integration with the Navy. We 
have Marine squadrons rotating into carrier air wings. Our 
vision is to continue that with the F-35B. We have to show 
that the aircraft meets its key performance parameters and 
can meet carrier suitability requirements. We have to show 
that it can fit in deck cycles and work within any air wing 
effectively. 

As time goes on, we hope to show that the F-35B is 
another tool in the air wing commander’s tool box - that he 
can use the flexibility of a STOVL tool in ways not available 
to him currently. Today, we have carrier strike groups 
working with an expeditionary strike group. You can picture 
scenarios where the grunts have moved ashore from our 
amphibs and we’ve moved helos ashore with them and now 
you have an empty deck with six to 10 STOVL F-35Bs. 
That’s a lot more room. You could flow in airplanes from the 
carrier, more F-35Bs, and move it forward. We could flow 
in more airplanes from CONUS and maybe just operate what 
we did in OIF - what we called ‘Harrier carriers.’ These were 
amphibs, large deck carriers with only Harriers aboard. We’d 
be able to generate lots of sorties with that approach. 

The Navy may not be seeing that today, but as we start 
to develop operating concepts, the F-35B gives us flexibil¬ 
ity. Say a carrier air wing commander has to generate sor¬ 
ties as a fight’s moving deeper, he’s got a squadron of air¬ 
craft on his ship that can flow in with Marines going ashore 
when a FARP’s available. They can deliver their ordnance, 
put down at the FARP, re-arm and refuel, and do another 
mission. Then at the end of the day they can come back to 
the carrier and do heavy maintenance and get ready for the 
next day’s events. 

The Navy’s still skeptical, but the commandant and the 
CNO are studying it. 

The RAF has been expected to acquire the F-35B 
but is also reported to be considering the F-35C. How 
might their decision affect development of the F-35B? 

Last month (October 2006), Gen. Castellaw (deputy 
commandant of Marine Corps Aviation) had what we call 
the ‘STOVL Summit’ down at Lockheed Martin in Ft. Worth 
to bring everyone together who has a vision for the F- 
35B. We wanted to discuss interoperability. We’ve got a 
real close relationship with the RAF and we’re talking 


with their operators about the STOVL variant. The RAF is 
similar to the Marine Corps in many ways. Their air force 
is actually smaller than the Marine Corps aviation force. 
They’re about economy of force. They want to try to buy 
as many of one type as they can to minimize their logis¬ 
tics footprints. The basing issue is very important to them. 
The carrier issue is also important. It takes about 5,000 
people to operate a large deck carrier today. They can’t 
devote those kind of manpower resources. They’ve 
worked with STOVL operations with their Harriers for 
many years so they’re comfortable with that. They see 
themselves as a flexible force so I think that’s why they’re 
leaning toward the STOVL variant. 

They see themselves operating the airplane a lot like we 
do, as an airplane that can do ISR, command and control, 
strike and fighter ops as they are required and share infor¬ 
mation. So I think that the ability to engage them in devel¬ 
opment of the F-35B would be very beneficial. 

Given JSF commonality, do you envision opera¬ 
tional circumstances in which mixed USMC/USN/USAF 
teams might re-arm and refresh the aircraft in the 
field? 

I go back to the days when I was flying [F—4] Phantoms. 
All of the services flew Phantoms and so did many foreign 
countries. You could drop into a base and if you broke down 
you could often get fixed no matter where you were. When 
we went to F/A-18s that was no longer possible at most 
places. That would be a huge benefit of this airplane. 
Interoperability will be a huge piece. 

The ability to drop in at a greater variety of places in an 
operational environment would be beneficial. Right now at 
Al Asad, our main operating base in Iraq, we’ve got Navy 
aircraft coming off of carriers, flying into the base, getting 
refueled and re-armed, flying missions, and going home, or 
staying for weeks, operating ashore. Who’s providing the 
support? The Marine Corps is. 

The beauty of the airplane is that we can have a wide 
range of personnel from the services that will be able to 
understand how to work on the airplanes, fix them, and 
refuel and re-arm them. I think the same thing could hold 
true with if we went into a British or Dutch forward operat¬ 
ing base. If we can generate more tempo by capitalizing on 
the aircraft’s commonality, that will be a big advantage. 

Is there a timeline for standing up the first oper¬ 
ational F-35B squadron? 

We expect to stand up the first squadron with IOC in the 
fourth quarter of 2012. 
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Manufacturing of the first F-35. Its assembly rep¬ 
resents the culmination of years of work to design 
an aircraft with a high level of commonality and 
“cousinality” among its variants as well as the 
flexibility to meet a variety of mission needs. 


mes 


I n planning and producing a stealthy, supersonic aircraft 
to replace a broad spectrum of aging fighter and strike 
aircraft for the U.S. Air Force, U.S. Navy, U.S. Marine 
Corps, and allied defense forces worldwide, F-35 Joint 
Strike Fighter developers have faced and successfully sur¬ 
mounted a hitherto unfathomable set of complex design 
challenges. In the broadest sense, those challenges are evi¬ 
dent in the program’s hallmark goal of affordability achieved 
through a high degree of aircraft commonality among three 
variants: conventional takeoff/landing (CTOL), carrier vari¬ 
ant (CV), and short takeoff/vertical landing (STOVL) aircraft. 
Underlying that goal has been a reliance on innovative con¬ 
cepts and advanced technologies that will significantly 
reduce weapon system life-cycle costs while meeting the 
strike weapon system requirements of military customers. 

While the vital contributions of the F-35 Joint Strike 
Fighter will be achieved through the amazing synergies of 
its myriad subsystems and components, it is only by dissect¬ 
ing some of those components that one achieves a true 
appreciation for the design and development effort that has 
brought the aircraft program from initial military concept to 
first flight. 
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The X-35C (left) and X-35A variant aircraft side by side. The X-35C’s larger wing 
and tail surfaces are the main distiguishing characteristics seen in this photo. 


• Airframes 



The JSF airframes provide one example of how some of 
the developmental challenges were faced and addressed 
within each JSF element. Specifically, while focusing on one 
single aircraft concept, airframe developers have pushed the 
complementary concepts of “commonality” and “cousinali- 
ty” to apply that concept to specific user needs. 

The end result is seen in three separate airframes: the 
F-35A CTOL, measuring 51.4 feet in length, 15 feet in 
height, with a wingspan of 35 feet and a wing area of 460 
square feet; the F-35B STOVL, measuring 51.2 feet in 
length, 15 feet in height, with a wingspan of 35 feet and a 
wing area of 460 square feet; and the F-35C CV, measuring 
51.4 feet in length, 15.5 feet in height, with a wingspan of 
43 feet and a wing area of 668 square feet. 

“Basically we have a family of three aircraft variants: the 
CTOL, STOVL, and CV,” explained Dave Cadman, former 
program lead on the airframe Integrated Product Team (IPT) 
and now serving in the role of deputy for air vehicle. “They 
are unique airplanes, but essentially they are cousins of each 
other. We don’t use the term ‘commonality’ quite so much, 
but the fact is that there is a lot of commonality between the 
CTOL and the STOVL airplanes, meaning that these parts are 
almost interchangeable/replaceable - until you get to the 
unique design-driving requirements that require differ¬ 
ences. But even though the bulkhead is in the same place 
and has the same attachments, it may be a different size, 
different thickness. That’s what we call a ‘cousin’ piece: 


same basic material; same structure. And what we’re trying 
to do is get affordability through this commonality and 
cousinality.” 

Cadman noted that similar benefits will transfer to the 
JSF international partners. 

“Essentially they’re going to get a JSF variant that’s a 
cousin of our airplane,” he said. “And what we’re trying to 
do - through our emphasis on commonality and cousinality 
- is enhance the affordability of those aircraft. 

“Think of the learning curves in the manufacturing 
process,” he continued. “If you can have either common 
pieces or cousin pieces, then there is a great deal of money 
you can save in the affordability area. And by having the 
three variants and having the international partners, it adds 
a lot of aircraft into the mix, which helps us on our learning 
curve. And helping us on our learning curve is going to help 
the URF - Unit Recurring Flyaway - of the aircraft. 

“And from an airframe standpoint, that’s what we’re 
trying to do: preserve as much commonality and cousinality 
[as possible] in the three variants,” he said. 

Cadman credited earlier work performed on the 
Lockheed Martin X-35 Concept Demonstration Aircraft 
(CDA) as providing critical technical foundations for the 
subsequent JSF program. 

“Back during CDA, the big thing that we were pushing 
was the development of the science and technology aspects 
of the CDA aircraft,” he said. “And the big push during the 
CDA program was to look at our different technical options. 
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The high degree of commonality and 
“cousinality” of the JSF are shown in 
this graphic. 


CTOL 


STOVL 



Common 39.2% 
Cousin 41.0% 
Unique 19.8% 



CV 


Common 29.9% 
Cousin 37.5% 
Unique 32.6% 



Common 27.8% 
Cousin 29.1% 
Unique 43.1% 


“We did a lot of work in the Composite Affordability 
Initiative, for example, and that developed innovative ways 
of using composites on the airplane. The CDA program was 
sponsored by the U.S. Air Force and U.S. Navy science and 
technology communities. Lockheed Martin was a big player 
in that, and basically that drove some of the JSF composite 
ideas and cost savings,” he said. 

He added, “The inlet duct on the airplane is a good 
example of how we took the ideas from the Composite 
Affordability Initiative and rolled them into our production 
airplane. The way we use the composite stiffeners on the 
inlet ducts saves us a lot of weight and basically allowed us 
to do some things that we probably couldn’t do on a con¬ 
ventional airplane.” 

The novel use of composites was also one technology 
area that helped designers overcome one of the biggest 
technical challenges facing the JSF - weight. 

“Weight has been a real big issue for the airframe,” 
Cadman acknowledged. “We’ve had to take out literally 
thousands of pounds from the airplane. And we’ve done a 
great job through a couple of initiatives. 

“The STOVL Weight Action Team (SWAT) initiative is one 
example. Through that and through the development of the 
layouts and ‘build to’ packages, we’ve been able to fight 
back that weight issue. Weight obviously is a huge driver on 
a STOVL airplane. And on this airplane, when we came up 
with our first weight estimates, they were high - they were 
actually shockingly high. And we had to go after them with 
very aggressive weight-saving initiatives,” he said. 

“We did all the classic things,” he said. “For example, we 
challenged the design requirements. We went after materi¬ 
als. We went after a lot of ideas. And with some of those 
areas, obviously, we had to be careful over the potential 
cost impact of the ideas.” 


Cadman added, “And even though it 
was called SWAT, we really applied all the 
lessons that we could to the other two 
variants as well. And, to be honest with 
you, we’ve done a great job at getting 
weight out of the airplane.” 

Cadman also highlighted powerful achievements in the 
area of airframe manufacturing initiatives. 

“Again the idea behind the common and cousin pieces is 
to use as much as we can in the way of common assembly 
jigs and common tooling,” he said. “That saves us from hav¬ 
ing to buy multiple sets of tools, saving money across the 
program. And again, back to the learning curve, when 
you’ve installed a STOVL bulkhead, you’ve essentially 
learned and can apply that knowledge to the CTOL and CV 
bulkheads - because of using the common tooling 
approach. And a common set of tooling for three airplanes 
is unique. 

“We are also using automated drilling as a cost saver 
and quality improver,” he added. “Part of the whole concept 
underlying Six Sigma is that you recoup savings by basically 
improving the quality of the part, reducing the number of 
defects and the scrap/rework issues. And we’re really 
applying those lessons on this airplane.” 

Summarizing the developmental challenges that have 
been overcome by the airframe IPT efforts of all three air¬ 
craft, Cadman observed, “The bottom line really has been 
the developmental challenge. We have three aircraft-devel¬ 
opment programs that are occurring nearly simultaneously 
- at least they are overlapping each other. And each of them 
could easily not get the right amount of attention. And if you 
don’t pay close attention, you could have a serious weight 
issue or serious cost issue with any of the variants. It’s a 
great balancing act to look at all three of the aircraft 
together as a family of variant aircraft and having each of 
these get as much attention as they need - without driving 
the other ones. But as you develop each of the airplanes 
individually and simultaneously, you are able to take the 
lessons learned with one and apply them across the board. 
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• Engines 


Not surprisingly, many of the key themes addressed by 
the JSF airframe IPT have also confronted team members 
involved with the aircraft engines. 

Two different engines have been developed for the 
program; the F135 and F136. 

Pratt & Whitney’s (P&W) F135 propulsion system is an 
evolution of the F119 engine that powers the F-22 Raptor. 
P&W is the propulsion system prime contractor, with team 
members including Rolls-Royce and Hamilton Sundstrand. 

The F135 that will be able to power the aircraft in all of 
its variants is a counter rotating, twin-spool, augmented 
turbofan engine in the 40,000-pound thrust class. Industry 
representatives note that this thrust is a two-fold increase 
in power over existing systems, with increased efficien¬ 
cies to allow a range three times greater than current 
capabilities. 

In addition, the STOVL F135 features an innovative lift 
system provided by Rolls-Royce, which integrates a 
LiftFan™, roll posts, a three-bearing swivel duct nozzle, and 


liner system that provide the STOVL’s unique vertical per¬ 
formance capability. 

The F136 is being provided by the General Electric/ 
Rolls-Royce Fighter Engine Team (FET). Technical roots for 
the F136 date back to 1994, when GE and the then-Allison 
Engine Company formed a teaming agreement to work 
together on the U.S. government’s Integrated High 
Performance Turbine Engine Technology Program. 

“The F135 is made by Pratt & Whitney and Rolls- 
Royce/Hamilton Sundstrand, where P&W is the prime and 
the other two companies are the principal subcontractors,” 
explained Rob Burnes, a lead for the JSF engine IPT. The 
lead for Rolls-Royce for the F135 that makes all the STOVL 
propulsion system parts is out of Bristol. When we talk about 
the F136 and the Fighter Engine Team - General Electric - 
Rolls-Royce partnership, that’s led out of Indianapolis.” 

“Both of the engine designs feature a three-stage fan,” 
he continued. “For the Pratt & Whitney [F135], it’s a six- 
stage compressor, an advanced combuster, a single-stage 
high pressure turbine, a two-stage low pressure turbine, 
and an advanced radial-type augmenter. For the Fighter 
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The LiftFan and roll posts for the 
STOVL F-35 are depicted in this 
imagery. The use of a lift fan 
reduces the danger of hot-air 
ingestion into the engine. 


Engine Team F136 it’s a three-stage fan, a five-stage com¬ 
pressor, an advanced combuster, a single high pressure tur¬ 
bine stage, three low pressure turbine stages, and an 
advanced radial-type augmenter as well. 

“One of the interesting things that the F136 has is a 
‘vaneless turbine,”’ he said. “Both engines are counter¬ 
rotating, of course. But the F136 team, because of the 
weight challenges of a little bit bigger engine, has taken the 
set of vanes out between the high pressure turbine and first 
stage of the low pressure. And they’re taking advantage of 
that counter-rotation to feed the flow in at the right angle, 
which is an advancement that has never been done before.” 

He continued, “We have a conventional exhaust system 
for CTOL and CV. And for the STOVL piece of it, we have a 
three bearing swivel module - basically a combustion liner, 
three bearing swivel duct, and a nozzle. And for the front 
end of it we have a shaft that basically attaches to where the 
nosecone would be. We take the nosecone away for the 
STOVL and attach it right to the shaft. Then that shaft runs 


up through a clutch and gearbox to a two-stage counter¬ 
rotating LiftFan™. Then in the middle we have the two roll 
posts that come off with nozzles on either end.” 

In terms of thrust numbers, Burnes presents them in 
comparison to the F-16, noting, “An F-16 puts out about 
29,000 pounds of thrust - somewhere right around 30,000, 
depending on which F100 or F110 engine is in it. By com¬ 
parison, the F135/F136, uninstalled, put out about 43,000 
pounds of thrust. Installed it’s on the order of 40,000 plus 
pounds of thrust.” 

In performance standard comparisons between the F- 
16 and the F-35A (CTOL), that thrust difference helps 
translate to a 1.4 X payload enhancement and 2.5 X range 
enhancement with top speed of 1.6 Mach plus. 

“One of the most entertaining things is that the engine 
can deliver 40,000 plus pounds of thrust to each propulsion 
system,” he said. “That’s 40,000 plus pounds of thrust in 
hover, with the LiftFan and the engine - and the engine, of 
course, isn’t augmented in hover. And then it can also deliver 
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40,000 plus pounds of thrust in max afterburning for the 
CTOL model. So it’s just a very interesting dynamic that the 
thing can deliver that much thrust in both directions - either 
down or axially.” 

Moreover, the JSF engine logistics concept is truly 
unique. 

“Of course the F100 or F110 engines on the F-16 are 
not interchangeable,” Burnes said. “The aircraft has got to 
come out of the manufacturing floor with an engine in mind. 
But one of the things that we’re doing here that’s different 
and cutting edge is that we’re making the engines inter¬ 
changeable between the F135 and F136 without an aircraft 
mod. In fact, the requirement is that it is transparent to the 
pilot. So they have the same envelope. They fit in the same 
space. They have the same thrust kinds of numbers. All 
those things are the same. 

“The other thing that’s interesting is that we can take the 
turbo machinery from the fan through the augmenter and 
move it from any variant. So we can land a STOVL airplane 
at an Air Force base, tell them our engine is broken, and 
they can pull the STOVL pieces off of it, slap them on a CTOL 


engine, and go fly away. We aren’t sure how long it takes 
because we haven’t done it yet, but we know all the inter¬ 
faces are there and correct. But no modifications are 
required to the airplane, so we avoided all of the costs that 
you would have to incur in developing the airplane inter¬ 
faces as well as the inlets - which are different for F-16s,” 
he said. 

The benefits of competition present some obvious 
advantages to the JSF engine approach. 

“The competitive piece of it is one that we key on,” 
Burnes said. “We’ve had a bunch of people come in and say 
how the competitiveness improves responsiveness by the 
contractors. It keeps both of them improving technologies; 
improving their methods of sustaining the engine, including 
things which would be traditional component improvement 
programs or the design modifications that you have to do to 
keep an airplane in the fleet for 30-plus years. I think those 
are the principal benefits to it.” 

He added that some of the peripheral debate about cost 
savings tends to cloud the issue and detract from the defi¬ 
nite benefits of responsiveness and technical innovation. 
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The GE/Rolls-Royce F136 (seen here in a test rig) pro¬ 
vides a different set of technologies and a different 
approach to producing over 40,000 pounds of thrust for 
the F-35. 

“We never said we were going to save a bunch of 
money,” he said. “Although we think there is a lot of poten¬ 
tial out there. 

“But it’s a readiness issue for sure,” he added. “And it 
allows us to potentially have a smarter spare parts pool. But 
for specific cost savings - which will require a very interest¬ 
ing, in-depth, and intricate analysis to try and figure out if 
that results in savings and what kind of dollars you’re talk¬ 
ing about - that’s one of the things we haven’t done yet.” 

Burnes observed that the interchangeability of two dif¬ 
ferent engines on the JSF also presented its own unique 
design challenges. 

“For example, the F136 design is a bigger air-flow 
engine than the F135,” he said. “The F135 is rooted in the 
F119 engine, so that sort of sets its core airflow. The F136, 
made by the Fighter Engine Team, didn’t have that con¬ 
straint on it. And it came along later in the program where 
they had time to modify their design in the first five years to 
see where the airplane was going to end up. So that allowed 
them to put more airflow through their engine. And what 
that does is make them less reliant on turbine temperature 
- they can get more with airflow.” 

Reiterating that the STOVL parts are only made by the 
Pratt & Whitney F135 team and that they are common 
regardless of which engine goes into the aircraft, Burnes 
added, “Now the difficulty of that is we’ve got this STOVL 
propulsion system with a Lift Fan in front of it that’s con¬ 
nected to the engine with a shaft and a gearbox. And now 
your engines are going to run at two different speeds. 
You’re going to have different thrusts at off-design, off- 
spec points. Your augmented thrust is going to be about the 


same. Your max thrust in military power is going to be about 
the same. But your power curve is going to be somewhat 
different. And the STOVL propulsion system with the Lift Fan 
now has to match that thrust for balanced hover. So it’s got 
to work either a little easier or a little harder, and all of that 
has to go into a life analysis that determines the life of each 
of the engines as well as the life of the STOVL parts.” 

“And you’ve got the same challenges on the back end,” 
he continued. “You’ve got a nozzle on the back that’s made 
by Pratt & Whitney and you’ve got an augmenter and an 
exhaust plane - if you will - or exhaust exit area that’s 
unique to each of the engine guys. So how do you take two 
different augmenters and make them work with the same 
liner and the same nozzle? This challenge was huge when 
we started with the concept that we were going to have a 
common augmenter. And that quickly became too hard to 
do. So we let both of the companies develop their own aug¬ 
menter. And now we’re trying to keep commonality behind 
the augmenter itself. 

“It’s also interesting that they all use the same support 
equipment,” he said. “So the impact to the maintainer is 
minimized. Basically the external configuration of both 
engines is the same. And because it’s a ‘stealthy’ STOVL air¬ 
plane with limited access to the engines, it’s not like the F- 
16, where you’ve got access to just about any part of the 
engine you want. We’ve got to go through little windows, 
and weapons bays, and hatches in places. And that makes 
you want to try to stack all your components where you can 
get to them. So that means that both the Fighter Engine 
Team and the Pratt & Whitney configurations have most of 
the stuff in the same spots, which is good for the maintain¬ 
er. He may have to take off an extra bolt, but honestly, 
when he’s looking for a FADEC [Full Authority Digital 
Electronics Control], he’s going to find a FADEC.” 
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When asked about engine test experiences to date, 
Burnes highlighted important milestones for both teams. 

“The biggest highlight for the Fighter Engine Team with 
the F136 is that they have already demonstrated the tenets 
of interchangeability through their Pre-SDD program,” he 
said. “They went and took a Lift Fa n™ from Pratt & Whitney 
and ran it in front of their F136 Pre-SDD engine, and that 
continues to run in SDD. So they’re learning a lot about the 
STOVL control system and getting a real leg up on getting 


I The F135 is shoehorned into AA-1. The aircraft is built 
| tightly around the engine. 

their engine through development and into production by 
being able to use that system. So interchangeability is doing 
pretty good on the F136. 

“And on the Pratt & Whitney team’s F135 side, they are 
just accumulating a ton of hours,” he added. “They are at 
well over 6,000 hours of engine tests already. They’ve 
already delivered three engines for flight test. The F135 just 
finished up their altitude performance qualification for first 
flight for CTOL and their durability for CTOL. So with their 
first engine under test several years ago and with 10 
engines on test right now, and then three flight test engines 
delivered, they’re just busting through every gate they can 
find. And it’s moving at breakneck pace.” 

Burnes also pointed to the fact that both engine teams 
have been addressing the same sorts of weight issues faced 
by the airframe IPT. 


“Like you would expect, we have been struggling with 
the weight issues that logically surround the development of 
a STOVL airplane,” he said. “And trying to do that with 
40,000-pound thrust propulsion systems is kind of inter¬ 
esting, because most of that weight is in metal, and you 
want that metal where it is. But we’ve really taken some 
interesting approaches and quite a bit of ‘out of the box’ 
thinking in getting weight out - and we’ve been successful. 

“The Fighter Engine Team’s F136 will have the same 
weight challenges we saw with the F135, 
and maybe even a little greater, because 
they have a bigger airflow,” he noted. “But 
test program-wise, it’s been very highly 
successful on the F135 side and also highly 
successful on the F136 side.” 

Summarizing the messages of the JSF 
engine IPT, Burnes added, “Both engines 
are highly successful. 

“Some of the challenges that we’re see¬ 
ing and working on are obviously STOVL 
thrust and STOVL weight,” he added. 
“Those two go together. The complexity 
that we see with the LiftFan, tying it to two 
different engines - even just the LiftFan 
with any engine alone - is a highly complex 
system. 

“It’s also entertaining that we actually 
call the propulsion system in STOVL ‘a con¬ 
trol mode for the airplane.’ It’s a control 
affector, just like a horizontal tail. You real¬ 
ly control the way you fly it in STOVL mode 
with the engine. So things like the three- 
bearing swivel module [and] the LiftFan 
have to be as responsive as the airplane 
needs from a control perspective. And that’s one of the new 
things that we don’t normally do in engines - provide ver¬ 
tical and lateral types of maneuverability. And one of the 
other challenges that we’re constantly struggling with is 
thermal management - and that one will be a challenge 
from here on out. The engine has got radiators inside the 
outer bypass ducts, which basically cool air and fluids back 
to the airplane. At the same time, the engine is the biggest 
heat generator and also the biggest heat dissipater. So it’s 
an intricate balance on delivering thrust in a very tight air¬ 
plane. The airplane, basically, just surrounds the engine,” he 
said. 

Burnes added, “Trying to do all that and maintain the 
ability to fly on hot days for as long as the warfighter wants 
it to is a challenge that’s going to be with us every day.” 


/ 
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While the F-35 is designed to carry weapons internally for stealth, it can also 
carry a wide range of weapons externally, from JDAMS, JSOW, and Sidewinders 
(shown here), to Stormshadow and 2,000-pound laser-guided bombs. 


• Weapons 


But it’s not just flying on hot days that the warfighter 
wants. What the warfighter cares about most often is the 
JSF’s terminal effects. And many of those terminal effects 
will be driven by the weapons and ordnance to be carried on 
the F-35 variants. 

According to Charlie Wagner, a lead on the JSF Weapons 
IPT, the aircraft variants will have the flexible tactical capa¬ 
bility to carry both internal and external weapons packages. 

“The advantages of the internal/external design is that it 
gives the warfighter more flexibility right now,” Wagner 
said. “If the particular target and objectives require a 
stealthier attack mode, he has the option of carrying just 
internal weapons. However, if he’s in a less threatening 
environment and he can afford to compromise signature a 
little bit, he can carry external weapons to give him more 
firepower.” 

In terms of design origins, he added, “I think the design 
came about just because we have been trying to serve as 
many masters as possible, so to speak. There are a lot of 
different opportunities available to the warfighters as they 
are going out and doing their jobs. And if we were only 



^internal weapons we would be very limited in what fire¬ 
power we could actually carry on the airplane. But the 
weapons that are on the plane are part of the design trade 
options that are available to Lockheed and the airplane 
designers. And if we forced them to put everything internal, 
we would have to build a very, very large airplane. Putting 
key weapons internal and then allowing the rest of the 
weapons to go external based on anticipated missions gives 
more flexibility to the airplane designer while still retaining 
the flexibility for the warfighters.” 

In terms of weapons that will be carried “internally” to 
the JSF, Wagner said that the IPT has focused on what he 
describes as “the newer weapons,” including the Joint 
Standoff Weapon (JSOW), the Joint Direct Attack Munition 
(JDAM), and the Advanced Medium Range Air-to-Air Missile 
(AMRAAM). 

“Those are going to be the primary internal weapons,” 
he said. “And we’ll also be able to carry the ‘smaller’ laser- 
guided bomb - the GBU-12 [Paveway II]. But there will also 
be a couple of other ones that we’ll be able to do eventual¬ 
ly. The airplane is being designed to carry a lot more than 
we will actually be clearing the airplane to do - at least as 
we reach our IOC dates.” 
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One of the transformational weapons 
to be carried by the F-35 will be the 
Small Diameter Bomb. This highly accu¬ 
rate guided munition will be able to 
glide long distances to its target. 


One example of an internal weapons 
capability likely to be incorporated at a 
future date is the Wind Corrected 
Munitions Dispenser (WCMD). 

“The airplane is designed for it, but 
we won’t be doing much work during our 
SDD program,” he added. “It’s part of a 
spiral development process that we’re 
going to go through.” 

In terms of external weapons, 

Wagner noted that the F-35 will be able 
to carry “just about anything that’s in the 
U.S. Navy, U.S. Air Force, and U.S. Marine Corps inventory 
that’s less than 2,000 pounds. 

“We’re going to be putting JSOW, JASSM [Joint Air to 
Surface Standoff Missile], Storm Shadow, and basically all of 
the conventional weapons - like the Mk80 series bombs. 
We’re also designed for the ‘Maverick’ missile and the HARM 
[High Speed Anti Radiation Missile], We’re also opening up 
the designs for ‘international partner’ weapons, so as the 
partner countries identify weapons that they want to put on 
the airplanes, we have standard bomb lugs and Mil Standard 
interface for the weapons. So basically any modern-day 
weapon that is designed to be carried on an airplane has the 
potential of fitting on the JSF. We’re designing the airplane 
to be very, very flexible so that the warfighters will be able 
to tell us what they need at later dates - and the airplanes 
should be robust enough to carry whatever they want,” he 
said. 

One feature that reportedly sparked both early program 
debate and subsequent design challenges involved the addi¬ 
tion of a cannon to the weapons suite. 

“There was quite a bit of debate early on in the program 
about the need for a cannon,” he explained. “But the 
services decided that there was definitely a need for a can¬ 
non on the airplane. They wanted a cannon. And back in the 
initial portions of the program, one of the platforms we 
were targeted to replace was the A-10, which has got a 
very formidable gun on it. We couldn’t match that gun, but 
we wanted to be more capable than a lot of the other air¬ 
craft out there that are currently carrying a 20 mm cannon. 
So the 25 mm was the best compromise that we could come 
up with. 

“The 25 mm cannon selected for the JSF was originally 
based off the GAU-12 Gatling gun but we’ve ‘lightened’ that 
gun up and reduced the barrels from a five-barrel gun 
down to a four-barrel gun, an action that resulted from 
trade studies and weight-savings efforts. But it will fire the 
same ammunition as the current GAU-12 cannon will.” 

Wagner also pointed to the fact that other design trades 



on the aircraft had fostered the development of a remove¬ 
able “gun pod” for the new cannon. 

“When we make the trade of putting the gun in the air¬ 
plane, we have to trade off other things inside the plane for 
the gun,” he said. “On the CTOL airplane, we give away fuel 
in order to put space inside the plane for the gun. On the 
STOVL jet and on the CV jet, the fuel was more valuable. 
And when you look at the STOVL, we had already given 
away a good deal of fuel to make room for the internal 
mechanisms for the STOVL lift devices - the Lift Fan™ and 
such. So the Marine Corps chose to pursue a route for a gun 
system that would be ‘missionized’ - that they could hang 
on the airplane or take off - similar to what they do right 
now with their AV-8Bs. So making a gun pod with a signa¬ 
ture level that was comparable to the airplane just made 
sense. There was no reason why we should make them 
more vulnerable, by putting a gun on the outside of the 
plane, than they would be if they didn’t have the gun.” 

Summarizing the ongoing efforts surrounding the 
weapon IPT, Wagner highlighted the relationship between 
design efforts and tactical mission flexibility. 

“Probably the biggest thing that we’re trying to empha¬ 
size with the airplane is the flexibility and the standardiza¬ 
tion that we’re designing into the weapons capabilities of 
the airplane,” he said. “We’re looking at using Mil Standard 
1760 - which is internationally recognized - for electrical 
interfaces to the airplane. And we’re going to have that 
available on every weapons station on the airplane. We’re 
also going to have Mil Standard bomb racks everywhere on 
the airplane. So interfacing to the plane will be pretty 
straightforward and pretty easy to design to. We’re also 
looking at the Air Force’s Universal Armament Interface 
standard, which is a logical interface for how the weapon 
communicates with the aircraft - as something that we’ll 
implement in the plane as we go along. So we’re trying to 
design the plane with as much foresight as we can to make 
it as flexible for weapon designers to be able to design 
weapons that will be compatible for us in the future.” 


JOINT STRIKE FIGHTER I 127 








The MathWorks 


Math Works, com/mbd 


Accelerating the pace of engineering and science 


Next generation aircraft 
need next generation thinking. 

+1 703 414 5454 

QinetiQ is a leader in the creation, application and 
deployment of defense and aerospace technology. We’ve been 
working with the Joint Strike Fighter program office on a 
project that's been jointly funded by the UK Ministry of Defence. It’s 
a world-first: the automatic landing of a vertical and/or short 
take-off and landing aircraft on a ship. 

As well as landing VSTOL aircraft in all weather without pilot 
intervention, we're also developing new materials and 
structures for civil aerospace and high altitude long endurance 
UAVs for the military. Want to find out more about working with us 
to land a contract? We can be as hands-on as you want us to be. Call 
us now on +1 703 414 5454 or visit www.QinetiQ.com 


QinetiQ 


QinetiQ congratulates the JSF team on first flight. 


The Global Defense and Security Experts 
www.QinetiQ.com 






•Synergies of Technologies 


By Scott R. Gourley 


In highlighting the specialized technolo¬ 
gies incorporated into the F-35 
design, program planners cite 
features like Autonomic Logistics, 
Commonality/Cousinality, a Distributed 
Aperture System, Divertless Inlet design, 
Electro-Optical Targeting System, Helmet 
Mounted Display System, Integrated 
Communications, Navigation and 
Identification Avionics, the Multi Function 
Display System, the Multi-Mission Active 
Electronically Scanned Array Radar, and 
others; with each element contributing a 
critical capability to the integrated system. 

For example, the AN/APG-81 Active 
Electronically Scanned Array (AESA) radar, 
which is being developed by Northrop 
Grumman Electronic Systems, will enable 
the F-35 JSF pilot to effectively engage air 
and ground targets at long range, while 
also providing outstanding situational 
awareness for enhanced survivability. 
Northrop Grumman company representa¬ 
tives note that the radar “enables the pilot 
with precision all-weather targeting capa¬ 
bility, utilizing advanced air-to-ground 
automatic target cueing.” 

But underlying the successful integra¬ 
tion of each critical element are additional 
levels of subsystems and software that are 
as vital to mission success as any other 
component or system on the aircraft. 

A case in point can be found in the 
delivery of information obtained by aircraft 
sensors and delivering that data to both 
helmet-mounted and panoramic display 
systems. 

Late in 2005, L-3 Communications 
announced that its Display Systems (L-3 
Display Systems) division had been award¬ 
ed a System Development and 
Demonstration contract from Lockheed 
Martin Aeronautics to provide the 
Panoramic Cockpit Display (PCD) subsystem 
for the F-35. The PCD provides pilot control 
and display for the major functions of the 
JSF aircraft, including flight displays; sensor 
displays; communication, radio and naviga¬ 
tion systems; and identification systems, 
and provides the pilot with total situational 
awareness. 

But the integration of such complex 
capabilities doesn’t end there. In a further 
example of how an expanding JSF Team is 
meeting these technical challenges, in late 
October 2006, Green Hills Software, Inc. 
announced that L-3 Display Systems had 
selected the INTEGRITY-178B real-time 
operating system (RTOS) for the System 
Processor within the F-35 PCD. 


Lockheed Martin had previously used 
Green Hills’ INTEGRITY® RTOS and 
AdaMULTI® 2000 software development 
tools to develop software for the JSF. 

In the most recent award announce¬ 
ment, Green Hills Software representatives 
noted that the L-3 Display Systems 
Panoramic Cockpit Display “supplies pilot 
control and display for the major functions 
of the F-35 aircraft, including flight dis¬ 
plays, sensor displays, communication, 
radio, and navigation systems, and identifi¬ 
cation systems, providing the pilot with total 
situational awareness. This cost-effective, 
low-weight display is intended for produc¬ 
tion insertion into the F-35 Lightning II 
program and is designed to meet the 
demanding environment of the F-35 fight¬ 
er aircraft. The display subsystem for the L- 
3 Display Systems will be integrated with 
other Operational Flight Program software 
developed by Lockheed Martin 
Aeronautics.” 

“L-3 Display Systems selected the 
INTEGRITY-178B RTOS from Green Hills 
Software because of its use by Lockheed 
Martin in other systems onboard the F-35 
aircraft,” said Bob McGill, president of L-3’s 
Displays Group. “We have identified 
INTEGRITY-178B as a partitioned RTOS 
solution that can simultaneously meet 
today’s challenging safety, security, and 
information assurance requirements.” 

“Green Hills Software is pleased that L- 
3 Display Systems selected our INTEGRITY- 
178B RTOS for the development of this 
important system on the F-35,” added Dan 
O’Dowd, founder and chief executive officer 
of Green Hills Software. “We have devel¬ 
oped a complete Platform for Avionics to 
support the diverse needs of our avionics 
customers, which includes the INTEGRITY - 
178B RTOS. INTEGRITY-178B is an ARINC- 
653-2 full-time and memory-partitioned 
RTOS and has been certified multiple times 
to the FAA’s safety-critical standard DO- 
178B. As a result, the Green Hills Platform 
for Avionics is the industry choice for 
avionics systems development where lower 
risk and faster time to market are important 
considerations.” 

While designers perfect subsystem inte¬ 
gration activities within the aircraft, other 
software decisions are being implemented 
in the larger JSF support structure. 

One example emerged in January 2005, 
when Delmia Corporation (a Dassault 
Systemes company) announced that 
Lockheed Martin, together with industrial 
robotic and system integrator CTA, Inc., had 



AESA radar 


selected Delmia’s IGRIP resource modelling 
and simulation software, which includes the 
UltraPaint option, for off-line programming 
of robotic paint systems at Lockheed 
Martin’s new F-35 JSF facility in Fort Worth, 
Texas. 

As described by Delmia representatives, 
the company’s simulation tools will be used 
in paint applications and stealth coatings for 
a variety of JSF components, including the 
wing, aft fuselage, forward fuselage, hori¬ 
zontal tail, and vertical tail, as well as mul¬ 
tiple small panels and doors. 

“Lockheed Martin is deploying the solu¬ 
tion with the goal of improving spray qual¬ 
ity and accuracy and increasing profitabili¬ 
ty,” they noted. “With IGRIP and UltraPaint, 
stop station, line tracking and rail tracking 
applications will be simulated so that accu¬ 
rate robot programs can be downloaded to 
the robot systems to ensure that paint 
application is balanced evenly. Users will 
have the ability to define groups of objects 
to check for collisions and ensure safe robot 
trajectories. Users will also be able to pro¬ 
gram an entire simulation — including mul¬ 
tiple robots, fixtures, and material handing 
devices — by using a simple graphical pro¬ 
gramming interface. Furthermore, by eval¬ 
uating various robot movements and paint 
parameters digitally, programmers can 
search for the optimal results without cost¬ 
ly prototypes.” 

“The coating material cannot be 
sprayed on too heavily due to weight con¬ 
straints,” added Jason LeFever, applications 
engineer at Lockheed Martin. “It is crucial 
for the robots to spray the coating accu¬ 
rately and evenly across the various parts. 
By using IGRIP, we can now verify that all of 
the robot motions are correct offline before 
we implement our processes on the plant 
floor.” 


Courtesy of Northrop Grumman 




A Pilot's Stealth Aircraft 



Jon Beesley, Lockheed Martin’s chief test pilot and director of flight operations for the F-35 Joint Strike Fighter, manipu¬ 
lates the side stick of AA-1, the first flight F-35A test aircraft. He views instrument readings projected on an 8- by 20-inch 
touch-screen active matrix liquid crystal display. The F-35A’s glass cockpit replaces most instrument gauges and toggle 
switches. The aircraft is designed without a head-up display, using instead a helmet-mounted display system. 
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A Pilots Stealth 
Aircraft 


Lockheed Martin Chief Pilot Jon Beesley 
discusses the F-35 

By Clarence A. Robinson, Jr. 

T he stealthy Joint Strike Fighter (JSF) is not invisible only to radar. Pilots con¬ 
tend the airplane also appears transparent from their perspective inside the 
cockpit. Sensors surround the fuselage, allowing pilots to seemingly look 
directly through the airframe’s structure - as though it does not exist - to 
acquire targets in real time from any direction. 

An electro-optic distributed aperture system (DAS) consisting of multiple infrared 
cameras provides a unique protective sphere around the aircraft. In addition to situa¬ 
tional awareness, DAS uses advanced signal conditioning algorithms to provide navi¬ 
gation, missile warning, infrared search and track functions, and night operations, 
according to Lockheed Martin Chief Pilot Jon Beesley, who is slated to be the first per¬ 
son to fly the aircraft designated AA-1. “DAS sensors are strategically embedded at 
six locations on the aircraft,” Beesley said. 

Another technical advance provides a sparse F-35 glass cockpit devoid of most 
aircraft instruments and the usual thicket of toggle switches. “This approach makes the 
Joint Strike Fighter much cleaner, and easier for pilots to simultaneously fly and fight 
the airplane,” Beesley said. 

The cockpit layout, which Beesley helped develop, provides an 8- by 20-inch full- 
panel-width liquid crystal display with advanced touch-screen technology and a sec¬ 
ondary flight display array. L3 Display Systems provides the active matrix liquid crys¬ 
tal displays and the display management computer. With this multifunction display, 
touch-screen technology replaces cockpit switches. As examples, radio, mission sys¬ 
tem computers, and identification and navigation functions are all on the glass. With a 
touch, the pilot can tailor the display screen to meet his requirements. He can select a 
wide combination of various-size windows that project information critical to the mis¬ 
sion. He also can control formats of complex data at any given moment. This pilot- 
vehicle interface eases a rapid transition from one mission to another. 

“The aircraft also responds to certain pilot voice commands. Voice activation is not 
fast enough for use in split-second weapons-release decisions. However, it can be 
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used for time-consuming duties like keypad entries for 
navigation coordinates or radio frequencies - pilot house¬ 
keeping chores,” Beesley said. 

Located to the pilot’s right is an active side stick, and the 
throttle is to the pilot’s left. Throttle assembly motors enable 
the feel of the aircraft’s response from pilot input. The active 
side stick provides the same type of responsive feedback. 
These electronic control systems also make the aircraft 
extremely nimble, Beesley said. One of the keys to this agili¬ 
ty is the helmet-mounted display system (HMDS) developed 
for the JSF by Vision Systems International (VSI), San Jose, 
Calif. 

“With this HMDS, we have taken the next step in stretch¬ 
ing the technology a bit by using an adaptive tracking sys¬ 
tem that improves accuracy,” Beesley said. “Extensive suc¬ 
cessful trials have been completed, and HMDS will also con¬ 
tinue to evolve beyond F-35 flight testing. The series of 
sensors around the aircraft project infrared images up onto 
the helmet display so that the pilot can be looking anywhere 
and seek out targets, as though he is peering right down 
through the airplane.” 

The HMDS is fundamental to the aircraft, with its off- 
boresight missile launch capability. This will become a sig¬ 
nificant advantage for F-35 pilots in future aerial combat, 
according to Beesley. He stressed that future dogfighting 
will involve looking and shooting missiles without necessar¬ 
ily maneuvering the aircraft. “This approach provides 
lethality through head-up, eyes-out cueing for any sensor 
or weapons designation. True sensor-fusion technology 
also supports all phases of the mission,” Beesley said. 
“HMDS allows F-35 development without the head-up 


display (HUD) found in most modern fighter and attack air¬ 
craft. Instead, the HMDS provides a virtual HUD projected on 
the pilot’s helmet visor. This system consists of the helmet 
display, a precision head tracking subsystem, and a near 
zero latency display processor — less than 20 milliseconds,” 
Beesley said. HMDS is capable of providing the pilot with 
virtual cockpit instruments that replicate a HUD and present 
multifunction displays. 

VSI is a joint venture between Kaiser Electronics, a 
Rockwell Collins company, and Israel’s Elbit Systems Ltd., 
known as EFW for its location in Fort Worth, Texas. Their 
HMDS displays both mission-critical information and air¬ 
craft-supplied video from the F-35’s advanced DAS or from 
the helmet’s integral day/night camera. 

The head tracking system uses enhanced magnetic tech¬ 
nology to provide extremely accurate pilot’s line of sight and 
head position. This new state-of-the-art head tracking 
system enables precision engagements with maximum first- 
shot opportunity. The HMDS provides a binocular-wide field 
of view for 24-hour mission capability. A laser scanning 
process is used to map a pilot’s head to assure proper HMDS 
fit, and the pads that go into the helmet are tailored for each 
individual, Beesley said. “The great job in reducing display 
latency to less than 60 hertz makes this system viable. The 
helmet capability was the big challenge that made removing 
the head-up display from the JSF possible.” Based on his 
earlier test-pilot experience with the F-16 fighter, Beesley 
pointed out “initial pilot reaction was that removing the 
HUD, especially for night operations, would be impossible. 
However, HMDS accuracy enables very effective target¬ 
tracking with vivid color symbology day or night.” 
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Photos by Lockheed Martin 



Beesley, a graduate of the U.S. Air Force Test Pilot 
School, has more than 5,000 hours in 45 different types of 
aircraft. He served as one of the initial Air Force test pilots 
on the F-117 Nighthawk stealth fighter, perfecting the air¬ 
craft’s flying qualities and testing low observable technolo¬ 
gy. As a test pilot for the Air Force’s Lockheed Martin F-22 
Raptor stealth fighter, he was the second person to fly that 
airplane and was one of the lead pilots in envelope expan¬ 
sion flights during the first four years of development. 
Beesley was principally charged with the F-22’s flight con¬ 
trol system, with emphasis on system integration and devel¬ 
opment of agility throughout the Raptor’s flight envelope, 
including tremendously high angles of attack. Specifications 
for the F-35 also require extremely high angles of attack 
and post-stall maneuver capabilities. Now, as the compa¬ 
ny’s chief pilot, his functions are similar in developing the 
handling qualities and systems integration for the JSF. By the 
time he taxis into position for the F-35’s first takeoff, he will 
have spent hundreds of hours helping engineers design 
many of the flight-control systems and handling qualities. 

With a primary air-to-ground mission, JSF pilots will 
rely heavily on sensors being jointly developed. Prime con¬ 
tractors Lockheed Martin Missile & Fire Control and 
Northrop Grumman Electronic Systems are responsible for 
the airplane’s electro-optical system. Lockheed Martin’s 
electro-optic targeting system (EOTS) provides long-range 
detection and precision targeting, while Northrop 
Grumman’s DAS consists of thermal imaging sensors. EOTS 
is based on the Sniper XL pod developed for the F-16, 
which incorporates a mid-wave (3-5 micron) third-gener¬ 
ation forward looking infrared (FLIR), dual-mode laser, 



Far left and left: The full panel-width liquid crystal display 
screen is configurable by the pilot and displays everything 
from primary flight instrument information to normal 
mission systems. Above: The helmet-mounted display 
system (HMDS) from Vision Systems International (VSI) is 
replacing the head-up display in the F-35 Joint Strike 
Fighter. In addition to near-zero latency, the system proj¬ 
ects critical mission and flying information onto the pilot’s 
visor, enabling him to look in any direction and instantly 
acquire targets. The binocular-wide-field-of-view HMDS 
provides an integrated day/night capability combined with 
sensor fusion using digital images. Note the displayed 
symbology on the visor. 


charge coupled device (CCD) television, laser tracker, and 
laser marker, Beesley explained. 

EOTS is embedded in a wide aperture located under and 
blended into the F-35’s nose and covered by an opaque 
window to thwart radar. EOTS provides long-range detec¬ 
tion and precision targeting against ground targets, plus 
long-range air-to-air detection and targeting. “The EOTS 
system replaces the targeting pod that most aircraft fly with 
today, even when using Global Positioning System (GPS)- 
guided weapons. The pod is considered critical on other 
fighters when precision is required using laser-guided 
bombs that travel down a shaft of light,” Beesley said. “This 
capability, without the pod, is an integral part of the F-35. 
Other sensors and devices, such as electronic warfare, also 
help. Another big JSF advantage is the pilot-vehicle inter¬ 
face with sensor fusion that gives the pilot a clear picture of 
the target and enables rapid tactical decisions.” 

Northrop Grumman also provides the advanced elec¬ 
tronically scanned array (AESA) AN/APG-81 fire control 
radar system. This radar combines an integrated radio fre¬ 
quency subsystem with a multifunction array that incorpo¬ 
rates agile beam steering. As the centerpiece of the F-35’s 
sensors, this multimode radar is based in part on the 
AN/APG-77 radar developed for the F-22. AESA, which has 
been flight-tested for several years, consists of an array of 
transmitter-receiver modules linked by high-speed proces¬ 
sors.Using improved technology, this radar system generates 
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signals across a wide range of frequencies, and unpre¬ 
dictable pulse patterns help avoid detection. 

The F-35’s electronic warfare (EW) system also serves 
as one of the key sensors for JSF pilots, enhancing their sit¬ 
uational awareness and self-protection. BAE Systems, 
Nashua, N.H., provides the EW system with next-generation 
threat identification, monitoring, analysis, and countermea¬ 
sures. The lightweight EW system, including advanced low- 
observable apertures, weighs less than 190 pounds. The 
system is composed of electronic support measures and 
countermeasures hardware. The digital radar warning 
receiver-based system integrates hardware and software 
involving more than 10,000 discrete steps. 

While he may have some mild jitters, when Beesley’s F- 
35 breaks free from ground effects and climbs skyward for 
the first time, he will already have logged more than 600 
hours at the controls via cockpit simulators. Over the past 
three years, a typical week involved four to 10 hours in a 
cockpit simulator developing the JSF’s handling qualities. 
Part of the development effort also involved a large motion 
simulator at NASA Ames Research Center, Moffett Federal 
Airfield, Mountain Home, Calif. 

“Flying the simulator is very much part of the F-35’s 
control development for how the airplane will fly. We have 
worked very closely with the engineers in perfecting han¬ 
dling qualities and ratings,” Beesley said. “There is a very 
close synergy between test pilots and flight control system 
engineers on how the airplane should respond that many 
people do not understand. I did this work with the F-22 for 
approximately 10 years. Many of the F-35 design guidelines 
are derived from the Raptor and translated to the JSF. 

“In many ways, the JSF flight-control system mimics 
what has been very successful in legacy fighters. A lot of the 
techniques in the F-22 Raptor are being used in the F-35. 
However, we have developed a lot of very beneficial tech¬ 
niques in the simulator that have not been used before,” 
Beesley said. “We have also learned some lessons from F- 
22 development in areas such as formation flying and high¬ 
speed operations that are translating to enhanced F-35 
handling qualities. This aircraft will be extremely nimble. It 
often surprises experts, including other test pilots training in 
simulators, how a large aircraft like the F-35 can respond so 
well as a highly maneuverable platform. We have struck a 
balance that makes the JSF very agile,” Beesley said. “This 
was a big challenge because the airplane’s control system 
also must handle an extensive array of large external 
weapons for non-stealth, close air support missions. This is 
not the F-35’s primary role, but certainly one it will have to 
execute.” 

There are two internal weapons bays, with each capa¬ 
ble of accommodating a single joint direct attack munition, 


or JDAM, GPS-guided bomb, and an AIM-120 advanced 
medium-range air-to-air missile (AMRAAM). The F-35A 
and F-35C variants can carry two 2,000-pound JDAMs 
internally, while the F-35B short takeoff/vertical landing 
(STOVL) variant carries two 1,000-pound JDAMs internally. 
Each weapons bay can be fitted with a range of bombs and 
missiles. In addition to JDAM, the CBU-105 wind-corrected 
munitions dispenser for the sensor-fuzed weapon will be 
carried. Other armaments include the joint standoff weapon 
(JSOW), Paveway II guided bombs, the joint air-to-surface 
standoff missile (JASSM), the AIM-9X Sidewinder, and the 
Storm Shadow cruise missile. 

A process called “dynamic inversion” is being used to 
develop the handling qualities and configuration for all F-35 
variants, Beesley said. “This allows one set of design rules 
so that when the gear is up each aircraft will, for the most 
part, fly very much alike. A pilot going from one F-35 vari¬ 
ant to another will find little transition necessary. They may 
take off and land a bit differently, although the STOVL vari¬ 
ant and conventional takeoff aircraft will land alike when 
the lift fan is not engaged, and both will also be very simi¬ 
lar to the carrier-based variant.” 

The carrier variant’s larger surfaces make that aircraft 
very effective and precise for flight-control tasks required 
for operations at sea. “Otherwise, the aircraft performs just 
like the conventional takeoff and landing version. The 
STOVL control mode is the biggest departure from the other 
F-35 variants. However, we have gone with an approach 
that will make it very easy for pilots who have never flown 
the Harrier or another STOVL aircraft to transition,” Beesley 
said. 

“The concept is to make the first and last five minutes of 
flight relatively easy, so that pilots can spend their time 
training with how to employ their weapons systems instead 
of how to take off and land. STOVL flight control has been 
a very complex problem, but a lot of effort has gone into 
making it easier and simpler now instead of having opera¬ 
tors figure out later how to fly it,” Beesley said. 

Beesley, a former combat pilot, stressed that Lockheed 
Martin and its JSF partners are diligently seeking to provide 
the warfighter with a vastly improved strike fighter aircraft 
capability. “This is what we are all about, so that every pilot 
can fly into aerial combat in a high-performance stealthy 
aircraft. Of all the things I’ve ever seen in aerospace, stealth 
works better than predicted; it brings terror to an enemy 
through surprise and an inability to locate and target stealth 
aircraft. Until the F-35, stealth assets have been few in 
number. Now, a theater commander will have at his dispos¬ 
al as many as 500 or 600 stealth aircraft to provide an 
intimidation factor that could influence the outcome of any 
war,” he said. 
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A Striking Achievement 

F-35 Liahtnina II 



F-35 Lightning II is a global achievement in affordability that is setting new standards for 
lethality, survivability and supportability. A truly transformational program, Joint Strike Fighter 
was designed to deliver unmatched Allied advantages. 


As we celebrate Lightning II first flight, Cytec Engineered Materials is proud to be a developer 
and supplier of innovative advanced materials selected by our aerospace and military partners 
to build this multi-service, multi-role 21 st century fighter. 

And we are gratified to be part of an industry-leading program that leverages the best in 
technology design commonality and lifecycle costs to enable a paradigm shift in affordable 
performance. 

F-35 Lightning II—a striking achievement. 



THE TECHNOLOGY LEADER IN ADVANCED MATERIAL SCIENCE 
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Industry Cooperation 


Contractors in Cooperation 


By J.R. Wilson 



A large team of contractors will 
keep this aircraft in the air. 
From the engines and flaperons 
to composite fuselage sections, 
control systems, and electrical 
subsystems, national and inter¬ 
national subcontractors are 
vital to the JSF program. 


T he F-35 Joint Strike Fighter 
is one of the U.S. military’s 
most diversified aircraft 
programs, in terms of the 
number of contractors involved and 
the states and nations where they 
are located. As the newest interna¬ 
tional multirole fighter approached 
first flight, some 250 companies in 
at least nine countries and more 
than half the United States had con¬ 
tributed — if not directly to that first 
flight test aircraft, then to those that 
will follow. 


“The international dimension of 
JSF is unique in DoD [Department of 
Defense] development programs for 
the sheer number of partners,” 
notes Tom Burbage, executive vice 
president and general manager for 
JSF Program Integration at prime 
contractor Lockheed Martin. “There 
have been other partnerships with 
two or three countries participating, 
but in this case we have eight indus¬ 
trial partners and two security 
cooperative participants (SCPs) - 
Singapore and Israel. They are 


investing a lot less money and get to 
monitor the technology progress on 
the program, but don’t have indus¬ 
trial involvement.” 

As the first non-partner coun¬ 
tries to formally express an interest 
in JSF, Singapore and Israel will 
define the acquisition process for 
future non-partner buyers, 
although their SCP status, which 
includes at least a $50 million 
investment by each, does give them 
real-time knowledge of the tech¬ 
nologies involved. 


/ 


136 I JOINT STRIKE FIGHTER 


Photo courtesy of Lockheed Martin 









Industry Cooperation 


r 


The JSF Program Office says other 
allies have expressed an interest in 
buying the aircraft through classic 
Foreign Military Sales (FMS) channels, 
which the eight partners will not use; 
any purchases they may make are built 
into the program itself. Belgium, the 
Czech Republic, Greece, South Korea, 
and Spain are among those the 
Defense Security Cooperation Agency 
(DSCA) has reported briefing as 
potential future customers for the F- 
35 Lightning II. 

“Another unusual fact is it is a 
government-to-government agree¬ 
ment to participate in the co-devel¬ 
opment of the airplane and system,” 
Burbage adds. “There is a graduated 
scale, with the UK as a Level I partici¬ 
pant, for example, which is largely 
determined by the amount of money a 
country is providing. There is no com¬ 
mitment to actually buy the airplane, 
just to participate in the development.” 

All agreements through 2006 
were bilateral between the United 
States and its eight international part¬ 
ners, each signed on at different 
points as the program moved from 
concept to first flight. However, a new 
multi-lateral agreement involving all 
nine nations and covering the rest of 
the program was being formalized as 
2006 drew to a close. 

The first - and largest - of those 
early agreements, valued at $2 billion, 
was signed with the United Kingdom 
on Jan. 17, 2001, less than two weeks 
before Lockheed Martin was awarded 
the JSF development contract and 
immediately began work on a 
10-year System Development and 
Demonstration (SDD). Canada joined 
the effort on Feb. 7, 2002, for $150 
million, followed by Denmark (May 28, 
2002, for $124 million), Turkey (June 
11, 2002, for $175 million), the 
Netherlands (June 17, 2002, for $800 
million), Norway (June 20, 2002, 

for $125 million), Italy (June 24, 


2002, for $1 billion) and Australia 
(Oct. 31, 2002, for $150 million). Most 
of those nations already fly frontline 
U.S. military aircraft. 

The amount of each nation’s 
financial stake also determines its 
“level” in the program: The UK is Level 
I, Italy and the Netherlands Level II, 
and Canada, Turkey, Australia, 
Denmark, and Norway Level III. 

All nine nations are participating in 
the SDD phase, during which 22 test 
aircraft will be built. Companies from 
the nine primary partner nations are 
entitled to bid for development work 
on a “best value” basis rather than the 
“offset” model that has been standard 
for decades. Under offset agreements, 
whatever amount a nation pays to buy 
an aircraft is returned in work per¬ 
formed on those specific aircraft 
within the customer nation (or, in 
some cases, through the U.S. purchas¬ 
es of other products from that 
country). 

“The difference with best value is 
we have found industries that can 
compete on quality, cost, and schedule 
and, if they win work, they are part of 
the entire program, not just the air¬ 
craft they are buying,” Burbage says. 

The workload generally is defined 
by three tiers of subcontractors, with 
Lockheed Martin and its principal 
partners, Northrop Grumman and BAE 
Systems, and the two JSF engine 
manufacturers, Pratt & Whitney 
and the joint venture General 
Electric/Rolls-Royce Fighter Engine 
Team, comprising Tier I. 

Lockheed Martin Aeronautics 
Company will perform final assembly 
in Fort Worth, Texas, where the for¬ 
ward fuselage and wings also will be 
manufactured. The center fuselage is 
the responsibility of Northrop 
Grumman facilities in Palmdale and El 
Segundo, Calif., while the aft fuselage 
and tail will be manufactured by BAE 
Systems in Samlesbury, England. 


Elements of all those will be coming 
from a variety of subcontractors 
throughout the partner nations. 

While most of the SDD flight tests 
will be conducted at Fort Worth, at 
Edwards Air Force Base, Calif., and at 
Naval Air Station Patuxent River, Md., 
sea trials also will be an international 
effort. American, British, and Italian 
aircraft carriers will be used for the 
carrier (CV) F-35C and Short Take- 
Off/Vertical Landing (STOVL) F-35B 
variants, the latter intended primarily 
for the U.S. Marine Corps. 

The conventional take-off and 
landing (CTOL) variant for the USAF 
and the Royal Air Force has been des¬ 
ignated as the F-35A; the Royal Navy 
also is considering the F-35C for its 
Future Carrier program. 

The ground-breaking structure of 
the JSF program and its international 
partnerships represent more than an 
effort to increase economies of scale 
through a larger customer base - and 
thus reduced acquisition costs for DoD 
- or even to take advantage of the 
growing expertise of the international 
aerospace community. It also is a 
reflection of U.S. foreign policy and 
the reality of future battles. 

“It all translates into an opera¬ 
tional scenario, with us operating as a 
coalition today in the application of air 
power and long-term sustainment of 
peacekeeping operations,” Burbage 
says. “Today we do that with a wide 
variety of airplanes, with different 
capabilities and systems, but in the 
future we can operate with everyone 
in the same system, with dramatically 
reduced timelines and support 
systems. 

“On the industrial side - a sec¬ 
ondary aspect - the international 
partners expect to have an industrial 
return. They are not spending this 
money with their own defense indus¬ 
tries, so they have informally tagged us 
to develop international participation 
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This page: Among the Dutch contri¬ 
butions to the JSF program are the 
flaperons, in-flight doors, and cryo¬ 
genic cooling systems for the IR sen¬ 
sors associated with the Distributed 
Aperture Sensors and EO/IR sensors 
below the aircraft’s nose. Opposite 
page: Rolls-Royce manufactures the 
STOVL variant’s LiftFan as well as 
being a partner with General Electric 
on the F136 engine. 


plans. To do that, we go in-country, understand the capa¬ 
bilities of the industrial base - small, medium, and large - 
that could contribute to JSF, and try to match them up with 
opportunities on the program.” 

But both the nations and the individual companies 
involved see a wide range of advantages to this new 
approach to producing a world-class new military aircraft. 
In some cases, the timing was serendipitous. 

As plans for JSF were coming together in the United 
States, for example, the Dutch government was looking for 
ways to reinvigorate an aerospace and defense industry that 
had been hard hit by the bankruptcy of Fokker and a decade 
of declining defense spending and competitive pressures 
resulting from industry consolidations worldwide. 

Working together to resolve those concerns, the gov¬ 
ernment and 10 Dutch companies formed the Netherlands 
Industrial Fighter Aircraft Replacement Platform (NIFARP) in 
1996. The idea was to bundle all levels of Dutch defense- 
related industry and R&D institutes, primarily to ensure a 
strong Dutch component in whatever aircraft the Ministry of 
Defense selected to replace its aging fleet of F-16 fighter 
jets. 

“The best way to go forward with the aerospace cluster 
was to participate in international aerospace development 


programs,” notes NIFARP Secretary John van den Heuvel, 
who describes himself as “the spider in the web of every¬ 
thing that happens on the industry side regarding JSF” and 
NIFARP’s 50 current members. “At the time, there were two 
such programs - the international military JSF and the 
European commercial A3XX [now the Airbus A380].” 

NIFARP helped Dutch companies participate in the initial 
demonstration phase of JSF in the late 1990s, enabling the 
MoD to decide on the F-35 as its F-16 replacement and 
putting Dutch industry in a good position to become part of 
the next phase by demonstrating what it could offer. 

“We had shown the main contractors there were partic¬ 
ular capabilities in the Netherlands they could use in the JSF 
development and production effort,” van den Heuvel says. 
“Those included composite structure components, such as 
doors, leading edges, engine components, prognostic health 
management, embedded training, cryogenic coolers for the 
IR sensors, and a significant part of STOVL wind tunnel 
testing.” 

Having all nine nations functioning under a single 
agreement also has led to some beneficial new arrange¬ 
ments between partner states and their industries. 

“In due course, there will be 500 to 600 JSFs in Europe, 
and it is inefficient to do all the work in every country 
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individually. The Netherlands is looking at buying 85 JSFs and it is far more 
efficient to do some form of collaboration. We have an agreement with Italy 
[100 to 150 JSFs] to do not only their own final assembly, but also the Dutch 
JSFs. In return, engine maintenance for both countries will be done in the 
Netherlands. That gives us economies of scale on both efforts,” van den 
Heuvel explains. 

“Part of that agreement also calls for us to do maintenance for line 
replaceable components. We are discussing similar concepts with other 
European countries to involve them in what is currently a bilateral agree¬ 
ment; we would like to see that Italian — Dutch agreement spread around 
Europe.” 

NIFARP acts as both a facilitator and a surrogate, helping smaller com¬ 
panies get a place at the table and ensuring those that cannot afford to send 
executives to the United States several times a year are kept fully briefed on 
each new stage and requirement as they evolve. 

A similar effort can be found in Denmark’s Team JSF and, with a twist, the 
Turkish Armed Forces Strengthening Foundation. The difference with the lat¬ 
ter is its role as majority owner of Tusas Aerospace Industries (TAI), a posi¬ 
tion it assumed in 2005 when TAI bought out its original American partners 
(primarily Lockheed Martin), who had created it as a joint venture in 1984 to 
produce 278 F-16s for the Turkish and Egyptian air forces. 

The F-16 program gave TAI considerable experience in advanced com¬ 
posites, metal bonding, chemical milling, and other technologies, and broad¬ 
ened its customer base to include most of Europe’s major aerospace 
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contractors. It also enabled TAI to capture what is expected 
to be $2 billion in work through 2027 as a second source to 
Northrop Grumman for the CTOL composite central fuselage 
and a majority of related detailed parts. 

“Without JSF, our current backlog is $2 billion for the 
next eight to 10 years,” TAI General Manager Muharrem 
Dortkasli says. “So JSF represents a 50 to 60 percent 
increase in our work. Of course, we are expecting addition¬ 
al contracts for other customers - we are a growing com¬ 
pany - but JSF has significantly increased our projected 
backlog.” 

That work - representing about two-thirds of what he 
calls the largest defense contract in Turkish history - also 
will require an additional 600 workers, either at TAI or its 
subcontractors, most of whom will be Turkish, and major 
investments in new facilities, precision milling and painting 
machines, and a new autoclave. 

“With the cutting-edge technology for the composite 
works, we will be one of the few companies in the world 
with that capability, which will give us power in competing 
for future business,” Dortkasli adds, echoing the expecta¬ 
tions of most, if not all, of JSF’s other international manu¬ 
facturers. “Most structures in the future will be composite 


because there is a great need to reduce weight, so the 
importance of composite production technology will grow, 
year by year, for both civilian and military programs, 
manned and unmanned. 

“And the investment we are making in JSF will be amor¬ 
tized, giving us both improved rates in our bids and a grow¬ 
ing learning curve. So we will be in a small club of compa¬ 
nies capable of working on the most modern jet fighters, 
making the investment and experience involved with JSF a 
significant investment in our future.” 

JSF Programs Vice President Keith Sanderson at Smiths 
Aerospace says his transatlantic firm, which has a role in 18 
separate JSF elements, working on two subcontractor tier 
levels, also expects to benefit from yet another side effect 
of JSF’s uniquely international program structure - new 
industry contacts it otherwise might never have made. 

“It presents opportunities and relationships for the 
future on other efforts with the other contractors, places we 
would not normally have gone to had it not been for the 
international nature of this program,” he says. “We’ll look at 
building on those relationships and, as the European com¬ 
munity comes closer together, it will benefit us as a global 
company.” 
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As with TAI, Sanderson says Smiths, with operations 
about evenly divided between the United States and the UK, 
is largely bringing existing capabilities to JSF, such as inte¬ 
grating the electrical power distribution system. But it also 
provides an opportunity to evolve into new arenas, he adds, 
“production capabilities we did not have in the past. JSF will 
be one of the first platforms we can go to production with 
on our engine debris monitoring system, which is a major 
step forward on something we had been working on for a 
number of years.” 

Another key Smiths technology being boosted by JSF is 
the Remote Interface Unit, for which the company received 
the 2006 Queen’s Award for Innovation. 

“That is certainly a key technology for us going for¬ 
ward,” Sanderson says. “While we had worked on it for 
some other programs, it is a key component for the digital 
side of our business. That also indicates how the gap is 
being bridged between nations - it is coming from the UK 
side and will be used on all the JSF derivatives. There are 10 
of these units on the airplane, so it touches interfaces across 
the platform.” 

While Smiths has operations in both the United States 
and the UK, the GE/Rolls-Royce Fighter Engine Team, 


created solely to produce the F136 engine for JSF, repre¬ 
sents a blending of U.S. and UK capabilities at the highest 
level of the program. 

“The GE/RR relationship probably would not have been 
formed if not for JSF,” Team President Jean Lydon-Rodgers 
says. “These two engine companies have come together to 
provide an engine we believe, in terms of technology and 
affordability, will meet or exceed all objectives because we 
can incorporate the best technologies within both camps - 
determine who has the best technology on a module-by- 
module basis, then put together a very strong team to com¬ 
prise one engine system. There is an enormous amount of 
synergy. 

“The aspect of eight international partners also has 
enabled us to forge relationships with many suppliers we 
otherwise might not have dealt with. For example, we have 
introduced two new suppliers to the GE supply team from 
Australia and Denmark, and Rolls is doing the same on their 
side. Meanwhile, with several of the big contractors we are 
using internationally, we have had significant work with 
them on our commercial engines, so the working relation¬ 
ship that has existed for several decades is paving the way 
to what we are doing on the F136.” 
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Traditional competitors Rolls-Royce, Pratt & Whitney, and 
General Electric work closely on the F135, F136, and LiftFan 
elements of the F-35. 



In addition to being teamed with one major competitor 
for the F136, GE also must work closely with yet another 
traditional competitor in Pratt & Whitney, whose F135 
engine - on which Rolls-Royce also is a teammate - is 
about two years ahead of the F136 and will be employed on 
the initial JSF production aircraft. 

The dual source engine program is yet another unique 
JSF aspect that has led to unprecedented cooperation 
among long-established competitors - in this case, what 
the JPO calls “coopetition.” The SDD contracts mandate full 
physical and functional interchangeability and commonality 
across all JSF aircraft, significantly reducing development 
and support costs. Eventually, the two engines will be in 
direct competition for full production lot contracts. 

“There are always going to be growing pains in estab¬ 
lishing a relationship with a competitor, whether a partner¬ 
ship with Rolls-Royce or cooperative basis with Pratt & 
Whitney, because there are differences in philosophy and 
cultures in trying to make decisions,” Lydon-Rodgers says. 
“On JSF, at least speaking for the engine contractors, GE and 
Rolls really do perform as one team, as one company to the 
customer. 

“As far as the Pratt relationship goes, we have an 
engine interchangeability working group that has formed a 
unique culture and bond. They know what they can do, what 
they can share from an intellectual proprietary standpoint, 
and have worked it out. And it is working well enough that 
we are moving forward and making progress on making 
these engines interchangeable.” 

With some of the world’s largest aerospace firms 
involved, some companies are pursuing multi-state and 


multinational efforts on JSF within their own corporate 
structures. Moog Inc., for example, has more than 300 
people working at facilities in five states and Italy in its roles 
as lead Primary Flight Control Actuation System (FCAS) 
integrator and Leading Edge Flap Actuation System (LEFAS) 
integrator, among others. 

Moog was involved in both the Lockheed and Boeing JSF 
demonstrator aircraft in the 1990s, bringing to the next- 
generation fighter the first application of Electrohydrostatic 
Actuators (EHAs) in the primary actuation system of a pro¬ 
duction aircraft and the opportunity to extend its cutting- 
edge work in EHAs. 

“Electromechanical and EHA are the emerging tech¬ 
nologies in aviation; the unmanned and commercial markets 
are behind the military manned platforms, but heading in 
that direction, so this is helping us to position ourselves to 
win jobs there, as well,” notes Moog Deputy General 
Manager Mark Trabert, adding the structure of the overall 
JSF program under Lockheed Martin also reflects a growing 
trend in aerospace manufacturing that is significantly bene¬ 
fiting smaller contractors such as Moog - passing full sys¬ 
tem responsibility down the contractor chain. 

“Part of what this has done is allow us to expand our 
skills and capabilities in integrating large flight control sys¬ 
tems. We already have a fairly expansive system integration 
facility that we have expanded in East Aurora [N.Y.] for JSF,” 
he says. “That also is true for the management of large 
industry teams, which is important to going forward in our 
marketplace. All of the primes are now pushing much of the 
system integration they had been doing down to the second 
tier, such as Moog, so we are now doing much of what 
Lockheed used to do.” 

That also has furthered the building of new relationships 
with old competitors - such as Parker Hannifin, Curtiss 
Wright, and Hamilton Sundstrand, in Moog’s case - and with 
potential future customers and partners. 

“We had never worked together prior to this program,” 
he says. “We’ve gotten to know each other enough now that 
this would make it easier to work together in the future on 
other opportunities. There is nothing specific, just that our 
relationship is at a different level than it used to be. 

“In another JSF area, some of our work on the wing¬ 
fold system is not directly with Lockheed, but with BAE. We 
have an English operation that has worked with programs 
over there, but this is the first major direct contract we’ve 
had with BAE, and we hope this will position us for future 
business with them.” 

JSF is the largest aircraft program in the world at this 
time, a position it is expected to hold for at least the next 
two decades. With its unique international partnership of 
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nations and companies and probable global sales, it also has 
an unprecedented place in the futures of military aviation, 
national economies, and aerospace industry development 
worldwide. 

“Right now the program plan calls for a number of 
multi-year procurement cycles; that’s the best way for 
companies in our position to plan our capacity and capital 
spending and for the government to plan their spending on 
the program,” Trabert says. “If they go year-to-year and 
the quantities change each time, it becomes more difficult to 
plan, has obvious revenue impacts, and costs the govern¬ 
ment more than if they went forward with a multi-year 
procurement. Delays and extensions and quantity reductions 
make it more and more difficult to provide the best eco¬ 
nomics on the program.” 

Lockheed’s Burbage agrees, noting such calculations are 
important to their role as prime, not only for the sake of 
company operations, but in the maintenance of a large and 
complex international program structure. 

“We also have to put ourselves in the place of some 
smaller countries. In Denmark and Norway, for example, 
almost 100 percent of their defense procurement budget 
will go to the F-35 during the time they will buy those air¬ 
craft; that time varies by country, but the only way their 
companies can remain viable is to get money on the JSF. 
That is why it is so important to these countries. Our objec¬ 
tive is to help them compete, identify good, solid programs 
for them, and take industrial concerns off the table. 

“Australia will buy during the early years because they 
have the most pressing requirement, where others, like 
Canada, will buy later because they do not need to replace 
their aircraft as quickly. The value of being a partner is you 


can integrate your unique requirements, including schedule; 
for a country like Australia, on the front end, it is very 
important the program remain on track and delivery is 
available when they need it. So issues like what we are 
dealing with now in the congressional budget process are 
very critical to them.” 

The current transition from development to production 
is considered the most volatile for the program, filled with 
variables - many of them political as elections change the 
face of some partner governments - that can cast doubt on 
what the future may hold. But Burbage believes they have 
built a strong international partnership of countries that 
believe in what JSF can bring to their military aviation and 
companies committed to achieving the technological, finan¬ 
cial, and business relationship advantages inherent in the 
program. 

“The international element has been both a complexity 
and a stabilizing element for the program. I think we’ve 
done a good job overall to ensure a fair playing field and 
dealing with ITAR [International Traffic in Arms Regulations] 
and export license complications. It tends to be complex in 
terms of the number of stakeholders and the demands they 
put on the program, but it also has been politically stabiliz¬ 
ing,” he says. 

“Generally, the international participation is a very 
important element of the program; the objectives are very 
lofty and noble, the implementation complex. So far, the 
international dimension has been favorable in terms of 
annual budget processes. This is a government-to-govern- 
ment invitation to participate in the project, which puts an 
obligation on the part of the U.S. to keep the program on 
track.” 
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Vertical Flight History 





U.S. Marine Corps AV-8A Harriers pic¬ 
tured in 1982. The Harrier has been the 
most successful STOVL aircraft of all 
time. The Marine Corps was an enthusi¬ 
astic early adopter of the Harrier, and 
remains committed to the advantages 
of STOVL aircraft. 




By J.R. Wilson 


T he ability to take 
off and land like a 
helicopter (vertical 
take-off and 
landing - VTOL), but then 
“convert” and fly with the 
speed and range of a fixed- 
wing aircraft (vertical/short 
take-off and landing - 
V/STOL) has been on the 
military wish list since the 
dawn of heavier-than-air 
flight. At the very least, the 
military wanted an aircraft 
that could operate from 
short, often rough austere 
forward airfields - a short 
take-off/vertical landing 
(STOVL) capability. 

For STOVL, “short take¬ 
off” means less than 1,000 
feet, with 300-to-500 feet 
desired. 

The Joint Strike Fighter 
- now officially dubbed the 



c 

A 

L 


146 I JOINT STRIKE FIGHTER 



F-35 Lightning II - is the latest in a 
long line of aircraft designed with this 
capability in mind, albeit the first to 
combine both conventional take-off 
and landing (CTOL) and advanced short 
take-off/vertical landing (ASTOVL) 
models built on the same airframe to 
serve the disparate needs of the Air 
Force, Navy, and Marines. 

“Helicopter concepts go back to da 
Vinci, but STOVL, with vertical lift and 
forward thrusting, probably began 
right after the Wright Brothers,” Col. 
Mike Nyalko, USMC (Ret.), now region¬ 
al customer executive for Rolls-Royce 
and primary interface for the engine 
maker and the U.S. Navy at Patuxent 
River Naval Air Station, explains. 
“There have been a lot of STOVL 
efforts in history - they just didn’t have 
any real value to them. 

“JSF is the first lift-fan concept; 
there were tip-driven fans, which were 
done differently. The Ryan [XV-5A] 
was a fixed wing with fans in the wings 
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and nose. This is a shaft- 
driven lift fan [SDLF], which 
is unique to the JSF.” 

Nyalko flew 37 different 
aircraft as a test pilot and 
was one of the first 
Americans to pilot the origi¬ 
nal British-built AV-8A 
Harrier jump-jet. He joined 
the Defense Advanced 
Research Projects Agency 
(D A R P A)/ Navy ASTOVL 
program that led to JSF in 
October 1992. 

“The big difference was 
how to do it in a supersonic 
aircraft. There were a lot of 
concepts to use for vertical, 
but not all lend themselves 
to a supersonic,” he says. 
“There were plenty of 
supersonic airplanes, but 
none of them successful; 
there must be 40 different 
X-type airplanes on the 
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Vertical Flight History 



NASA ‘Wheel of Misfortune.’ But the only operational air¬ 
craft were the Soviet Union’s Yak-38 Forger ... and the 
Harrier.” 

The U.S. effort to develop V/STOL began shortly after 
World War II with the Transcendental Aircraft Company’s 
Model 1G tilt rotor, which made its first flight - in helicopter 
mode - on July 6, 1954, and its first conversion to horizon¬ 
tal flight the following December. While the Air Force helped 
fund that original research, it eventually dropped the 1G to 
pursue development of the Bell XV-3, which had begun as 
a joint Army-Air Force effort in 1951. 

The XV-3 made its first helo-mode flight in August 
1955, but was destroyed in a crash two months later before 
it could complete the transition to horizontal flight. A sec¬ 
ond XV-3 did accomplish full conversion in December 1958. 
Ironically, it was fatally damaged in a wind-tunnel test in 
1965, after completing more than 250 actual flights and 110 
full conversions without incident. 

Curtiss-Wright managed one successful conversion in 
April 1960 with its X-100, which used an unusual approach 
to conventional flight. Instead of winglift, the X-100 used 
increased propeller angle of attack to create what is called 
“radial force” - a large force at right angles to the airflow. 
It sufficiently demonstrated the concept of tilt propellers, 
however, to launch the Curtiss-Wright X-19 (originally the 
X-200) prototype as the Air Force contender in the Tri- 
Service Assault Transport Program. It was a very short¬ 
lived effort, however, with the only aircraft built spending 
only four hours in the air in 50 flights before the program 
was canceled at the end of 1965. 

The Navy side of the Assault Transport effort was the 
Bell X-22A, which made its first flight in March 1966. 
Although the first prototype was destroyed in a hard land¬ 
ing after only three hours of total flight time, the second X- 
22A completed hundreds of successful transitions between 
1967 and 1980. That included setting a hovering altitude 
record of more than 8,000 feet in July 1968, making it one 
of the most successful of the V/STOL prototypes. 

With the operational successes of Harrier variants in the 
1980s, the technology finally moved into practical applica¬ 
tion as an actual part of the U.S. and allied military forces. It 
also set the stage for the next level: A supersonic aircraft 
with greater range and payload capacity. As with most 
advanced technologies, DARPA took the lead along with the 
Navy, which was interested in expanding STOVL to its fleet 
as well as that of the Marines’. 

“To start the DARPA/Navy program, we put out a broad 
area announcement and had several proposals, including a 
shaft-driven and a gas-driven lift fan from McDonnell 
Douglas [MDC]. Lockheed had a shaft-driven lift fan; Boeing 


had a vectored thrust and Grumman had a tip-driven. MDC 
was selected for the gas-driven and Lockheed the shaft- 
driven. Through some congressional additions, Boeing was 
brought in as a third option with their vectored thrust, which 
is very similar to the Harrier. 

“That merged into the JAST [Joint Advanced Strike 
Technology] program, which was a precursor to the JSF, at 
the direction of Congress. The three teams competed, with 
MDC teaming with Northrop, abandoning the gas-driven 
and going to a lift-plus-lift/cruise for the final phase of JSF. 
Boeing and Lockheed were selected for the concept 
demonstration, with Lockheed eventually winning with their 
shaft-driven lift fan.” 

But the evolution from DARPA’s initial efforts to JAST to 
JSF was the beneficiary of decades of experimentation, with 
some partial successes and a lot of failures. In many ways, it 
is a technology that mirrors Thomas Edison’s famous com¬ 
ment about the missteps he had along the way to develop¬ 
ing the light bulb: “I have not failed. I’ve just found 10,000 
ways that won’t work.” 

Many programs were launched by many nations 
throughout the last half of the 20th century - 43 different 
airframe programs (at least, that have been made public). 
Many simply took an existing fighter and put in new engines 
to provide the lift capability, but that only led to an experi¬ 
mental aircraft with no operational utility. 

Among the best-known of those early efforts were the 
Ryan X-13, Lockheed XFV-1, Convair XFY-1, SNECMA 
C450, AVRO Aerocar, Ryan XV-5, Lockheed XV-4, MBB 
VJ101C, Dassault Balzac and Mirage IIIV, VAK 191, and Bell 
X-14. 

“Most of the early attempts were trying to do true VTOL, 
a harder problem since you are trying to go vertical with a 
full load of fuel,” notes Kevin Renshaw, senior principal 
research engineer in Advanced Development Programs 
(aka, the Lockheed Martin Skunk Works). 

“If you go back 50 years, what the military really want¬ 
ed at that time was VTOL capability, while still having high 
speed, good range, high agility, heavy ordnance loads, etc.,” 
adds Peter Curtis, BAE systems technologist adviser for 
propulsion integration. “The goal was to move away from 
fixed airbases with their vulnerable runways and move the 
aircraft where the enemy couldn’t find them on the ground 
and where they could rapidly support the infantry. 

“The high speed, tactical aircraft part of the requirement 
meant that rotary-wing VTOL [the helicopter] was a non¬ 
starter. And although there were a lot of different ways of 
achieving V/STOL, the real trick was to do it in such a way 
that the up-and-away part of the flight, which is where 95 
percent of the mission is spent, had the minimum possible 
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This page: Royal Navy FRS. 1 Sea Harrier aircraft hover to port of the flight deck before slid¬ 
ing in for a vertical landing. The performance of the Royal Navy Sea Harriers and RAF Harriers 
during the Falkland Islands conflict with Argentina put an end to many criticisms of the aircraft. 
Opposite: The Ryan X-13 Vertijet was a “tailsitter” in that it was to land and take off on the 
column of thrust from its single, aft-pointing, jet engine. In the photo, the pilot is attempting 
to hook up to the aircraft’s recovery dolly, not an easy task under any circumstances. 



detrimental impact. From an engineering standpoint, we 
strive to give an aircraft vertical flight capability with the 
minimum possible penalty to its up-and-away performance.” 

And therein lay the problem(s). 

Germany, for example, developed the VAK-191, which 
could go supersonic but had neither range nor payload 
capability. The VAK-191 did demonstrate that lift engines 
were a solution to the vertical thrust problem, but at the 
expense of a bad ground environment. 

Range and payload shortcomings also hobbled the Ryan 
XV-5A, which was to be used for search and rescue; it flew, 
despite a crude flight control and engine operating system, 
but was too limited for practical application. 

“The requirement for STOVL is more of a geopolitical 
question - where do we need to operate? Do you need to 
operate from carriers or land bases? As a global power, we 
worry about where we can operate from and how we can 
operate,” Nyalko says. “There have been a lot of analyses 
done on the world’s airports and what kind of landing strips 
are available, but basing flexibility gives you more options to 
operate around the world, including the oceans. STOVL 
itself is not an end point, it is just a way to get basing flex¬ 
ibility.” 

Prior to JAST, the United States conducted both sub- 
and supersonic classified programs that attempted to com¬ 
bine STOVL with stealth, using a variety of propulsion sys¬ 
tems. The U.S. government also provided funding to mature 
the P. 1127 Kestrel concept and brought six aircraft to the 
United States for the Marines to evaluate. It was the Corps’ 
predecessor to the Harrier. 

While the first real U.S. success came with its adaptation 


of the British jump-jet - the AV-8B Harrier II, built by 
McDonnell Douglas (now Boeing) - it quickly became clear 
a lift engine with a jet exhaust firing straight down was 
severely limited in landing surfaces due to the heat gener¬ 
ated. The Harrier cannot go vertical on asphalt, thus elimi¬ 
nating roadways and many airfields, requiring an aluminum 
platform or steel ship deck to handle its engine blast. 

“That’s the difference with a shaft-driven [lift-fan], 
which actually cools down the exhaust stream. It’s still hot 
by skin-temperature standards, but isn’t so hard on the sur¬ 
faces,” Nyalko says. “You still don’t do vertical landings over 
asphalt, even with a JSF, but that is easily overcome by hav¬ 
ing some forward velocity to reduce the surface blast, so 
you can still land on asphalt, just not purely vertical. 

“Generally speaking, for Harrier and probably still for 
JSF, you need about 50 knots of ground speed to avoid 
clogging your engine more than to protect the surface, 
which only needs about 5 to 10 mph to protect it from melt¬ 
ing, so you choose to land a little faster so you don’t pick up 
any foreign-object damage. But that can be done in a few 
hundred feet. Take-off becomes a bigger problem, because 
you’re heavy and need more area to take off than to land.” 

But the goal of a fast jet remained, as engineers world¬ 
wide struggled to overcome the range and payload limita¬ 
tions that doomed every attempt. 

“Early attempts at VTOL tended to have lots of engines, 
although the Convair XFY-1 and Ryan X-13 had single 
engines, but sat on their tails,” Curtis notes. “The Shorts SC- 
1 and Dassault Balzac had groups of four engines in the 
center of the aircraft providing the lift and another engine in 
the tail to make the aircraft go forward. 


148 I JOINT STRIKE FIGHTER 



U.S. Air Force/Edwards AFB photo 


Vertical Flight History 


r 


“Although a large number of these concepts flew verti¬ 
cally and most managed to transition to forward flight - and 
some even flew quite well - they all failed the basic test of 
keeping the vertical penalty to an acceptable minimum. The 
exception to this rule was the Hawker P. 1127, the descen¬ 
dants of which are still in service today, and which was 
developed into a successful service aircraft by BAE Systems’ 
predecessor companies. 

“The key to success for the P. 1127 and its Harrier deriv¬ 
ative was to use the same power plant for lift and for for¬ 
ward propulsion and, unlike the tailsitters, to be able to 
supplement engine lift with wing lift for a short take-off. 
The beautiful simplicity of the concept - and the avoidance 
of redundant weight in the up and away mode - made the 
best use of the technology of the day.” 

Even the original Harrier, in addition to being criticized 
for a number of crashes, was criticized for inadequate range 
and payload capacity. With development, however, came 
increased capabilities, and there is little doubt that without 
the Royal Navy’s Sea Harrier FRS. Is and the RAF’s Harrier 
Gr.3s, the UK would have had to give up the Falkland Islands 
to Argentina. Instead, the British task force’s heavily 
outnumbered and supposedly inferior Harriers scored 
almost 30 air-to-air kills without loss and allowed the 
British task force to land forces that would subsequently 
defeat the Argentine troops on the islands. 

The second iteration of the Harrier, the AV-8B, was the 
first United States STOVL aircraft to go to war, in Operation 
Desert Storm in 1991. A decade later, only the Harrier and 
the venerable A-10 Thunderbolt (more commonly called 
the Warthog) were able to go into Afghanistan during 
Operation Enduring Freedom because of airfield limitations. 

“There were land- and sea-based aircraft operating 
essentially at twice the sortie ops of the fixed wing, launch¬ 
ing from ship, striking targets, returning to a land strip, 
reloading, re-attacking, return to the ship, reloading, and 
heading out again. They were able to go to remote fields, 
operating occasionally from roads close to the front line, 
and still return to sea-based when they needed,” AV-8B 
Program Manager Hank Cole, Boeing Integrated Defense 
Systems, says of the Harrier. “That ability to attack, land 
close to the front lines for reload, and go right back out 
demonstrated the concept in austere site use and increased 
sorties beyond what those that had to be land- or carrier- 
based could do.” 

Range and payload often translate into size, but the 
Navy and Marines are constrained in that area by the 
weight-bearing loads of aircraft-carrier elevators and by 
wingspan limitations due to crowded hangar decks. The Air 
Force has no such limitations, so a land-based STOVL is 


limited only by the lift capability of its engines - and the cost 
to build it. 

“In any kind of vertical airplane, it is horsepower minus 
weight, so advanced materials allowed you to get the 
range/payload back,” Nyalko says. “If you could make an 
all-titanium aircraft, it would be too expensive. There were 
no composites in the early Harrier; the AV-8B began using 
more composites and the JSF much more. Composites are 
not necessarily the lightest solution, but they do have better 
life and sometimes manufacturing is better and cheaper, 
providing advantages beyond weight.” 

Fly-by-wire is another enabling technology that puts 
the JSF design far ahead of its predecessors, reducing both 
weight and pilot workload while improving overall per¬ 
formance. 

The same is true for advanced engine materials, which 
have enabled turbines to run at hotter temperatures while 
reducing the weight of rotating components, thus signifi¬ 
cantly improving the critical thrust-to-weight ratio. That, in 
turn, translates into greater range and payload. 
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A left front view of a Soviet Yak-38 Forger aircraft with its landing gear down. The Yak-38 was 
the Soviet Union’s answer to the Harrier, and employed two tandem lift engines buried in the 
fuselage behind the cockpit, as well as a main engine with two swiveling nozzles. Marginally 
supersonic at altitude, it was short-ranged and carried a small useful load. 
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“STOVL is all about 
thrust,” Renshaw says. “The 
[Rolls-Royce] Pegasus was one of the first dual¬ 
spool counter-rotating turbofans; counter-rotation takes 
out the torque problem. The F119 engine core is the high¬ 
est specific thrust core available today, and that is part of 
the key to making the F-35 SDLF [shaft-driven lift fan] sys¬ 
tem work.” 

Which is not to say the Harrier has not performed for the 
Marines and other users, only that the older technologies on 
which it was based came with built-in limitations. 

“The Harrier family [P.1127, GR. 1-9, FRS 1, FA. 2, AV- 
8A, AV-8B] has been the only truly successful family of 
operational STOVL military fighter/attack aircraft. The 
Harrier designers were brutal about keeping weight down 
and getting thrust up. Credit Rolls-Royce for improving the 
Pegasus engine from 8,000 pounds of thrust to 21,000 over 
its life,” Renshaw says. 

Indeed, Cole gives Rolls-Royce considerable credit in 
resolving the complexities surrounding multiple engine con¬ 
figurations on many of the earlier prototype aircraft by 
developing the nozzle concept for the Pegasus. 

“The simplest concept was a single engine with four 
nozzles that could be vectored for lift, then rotated to cre¬ 
ate the thrust for forward flight. It was a fairly simple con¬ 
cept once you got there, compared to multiple lift engines 
and interfaces,” he says. “The concept of reaction control, 
which is key to the AV-8A and B, and the variable nozzle 
positions and vectoring out to the nose, tail, and wingtips 
for stability in hover flight probably are why the Harrier was 
the only acceptable operational airplane to date.” 

The Yak lift engine had a more archaic and complex 
design, which led to its eventual downfall. The new Russian 
Federation could not afford to maintain it, and the manufac¬ 
turer was unable to obtain a foreign sponsor to continue 


production and development. The 
supersonic Yak-141 likewise failed 
due to lack of funding, but its vectored 
engine nozzle inspired the three-bearing swivel nozzle on 
the F-35. 

“Another important aspect of the success of the Harrier 
was its simplicity in the integration of the flight control sys¬ 
tem and the power plant control system,” Curtis says. “The 
technology of the time [the mid-1960s] did not allow for 
robust and complex integrated flight & power plant control 
[IFPC] systems, although the West Germans spent many 
years developing a mechanical IFPC for the VJ-101. Work in 
the 1980s on digital, electrically-signaled STOVL IFPC sys¬ 
tems was a key enabling technology for the F-35.” 

The potential capabilities of an IFPC in reducing pilot 
workload and increasing aircraft safety relied upon a more 
complete understanding of the aerodynamics of STOVL, 
particularly the complex interactions of jet flows in ground 
effect and their effect on aircraft response. Those were 
studied extensively in the 1950s and ’60s and had been 
addressed empirically during the flight trials of virtually all 
the prototype aircraft. 

“Such an approach was not possible for the complex 
IFPC systems needed to improve upon the Harrier, and the 
vastly improved capabilities of wind tunnel modeling and 
computational fluid dynamics enabled much more accurate 
characterizations of the aircraft response for the control 
system designers to work on,” Curtis adds. “Most of these 
technology improvements were not specific to STOVL, but 
were part of the general improvements utilized throughout 
the aerospace industry.” 

Indeed, Curtis places much of the success in taking 
STOVL technology to the point that made the JSF possible to 
the existence of a cadre of experienced engineers who 
understand STOVL aircraft operations and have many years 
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of experience in basic STOVL research and concept 
development. 

“These people, as much as the technologies themselves, 
are the output of the ‘seed corn’ research funding that the 
U.S. and UK governments have put into STOVL over the past 
couple of decades,” he says. 

That research has continued to advance the Harrier, as 
well. Today, the Marines are operating the Harrier II — Plus, 
which has an APG-65 radar, and a night-attack variant, 
which doesn’t have radar but does have external night- 
vision lighting and a night-vision-capable crew station and 
displays. 

“The aircraft is operating 
in an open system architec¬ 
ture,” Cole says. “About a 
third of the fleet has been 
modified, and the rest is 
being retrofitted to handle 
open system architecture 
upgrades in the future. The 
11-Plus is AMRAAM 

[Advanced Medium-Range ^ 

Air-to-Air Missile] capable, 
and both variants have been 
updated to carry 5,000- 
pound JDAMs [Joint Direct 


Attack Munitions], The Northrop Grumman LITENING 2 pod 
was one of the chief enhancing capabilities during the Gulf 
War.” 

Although the JSF is intended to replace the Harrier, the 
veteran aircraft is scheduled to remain in service until about 
2025. And while no new models are planned, Cole says the 
ongoing modernization of the existing aircraft and addition 
of new capabilities “has made it an awesome platform.” 

“The remanufacture program rebuilt existing aircraft [74 
USMC and 5 Spanish] to zero life, restarting the cycle and 
giving them at least twice the life expectancy we had ever 
expected,” he says. “But we’re really moving ourselves into 
a position to support the Marine need until the JSF comes 
aboard.” 

There are about 150 Boeing-built Harriers currently in 
operation in the United States, Italy, and Spain; the UK has a 
variant of the Harrier II, with BAE as the prime. It is similar 
to the U.S. night-attack variant, with some additional capa¬ 
bilities sought by the RAF. They have about 90 aircraft, with 
almost completely different avionics from the U.S. version, 
divided among two Royal Navy and two RAF squadrons, 
plus a common training squadron. 

The only first-generation Harriers still in operation are 
in India and Thailand. 


1 - 


i 


* 


Left: An AV-8B Harrier jump jet assigned to the “Bulldogs” 
of Marine Attack Squadron Two Two Three (VMA-223) 
makes its final approach to the amphibious assault ship 
USS Saipan (LHA 2). The Harrier II made many improve¬ 
ments on the original Harrier design, and, in addition to 
the United States and the UK, is used by Spain and Italy 
aboard their carriers. Below: The X-35B in transition 
mode, with the three-bearing nozzle fully aft but the 
doors open, and the lift engine doors deployed in the 
open position. The streamers from the wingtips indicate 
the forward velocity of the aircraft. 
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U.S. Navy photo by Photographer's Mate Airman Apprentice Gary L. Johnson III / Lockheed Martin photo by Tom Reynolds 
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Congratulations to the entire Joint Strike Fighter 
team for their dedication to excellence. 
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